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ABSTRACT
We report on a study of the isophotal shapes of early-type galaxies, to very
faint levels reaching ∼ 0.1% of the sky brightness. The galaxies are from the Large
Format Camera (LFC) fields obtained using the Palomar 5m Hale telescope, with
integrated exposures ranging from 1 to 4 hours in the SDSS r, i and z bands. The
shapes of isophotes of early-type galaxies are important as they are correlated
with the physical properties of the galaxies and are influenced by galaxy formation
processes. In this paper we report on a sample of 132 E and SO galaxies in one
LFC field. We have redshifts for 53 of these, obtained using AAOmega on the
Anglo-Australian Telescope. The shapes of early-type galaxies often vary with
radius. We derive average values of isophotal shape parameters in four different
radial bins along the semi-major axis in each galaxy. We obtain empirical fitting
formulae for the probability distribution of the isophotal parameters in each
bin and investigate for possible correlations with other global properties of the
galaxies. Our main finding is that the isophotal shapes of the inner regions are
statistically different from those in the outer regions. This suggests that the outer
and inner parts of early-type galaxies have evolved somewhat independently.
Subject headings: galaxies: elliptical and lenticular, cD — galaxies: photometry
— galaxies: statistics — galaxies: structure
1. Introduction
The morphology and colours of galaxies carry important information about their for-
mation and evolution. Bender et al. (1988) studied a sample of 109 large, nearby early-type
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galaxies to examine their isophotal shapes, using Fourier expansions in the polar angle to dis-
tinguish between boxy (rectangular) isophotes and disky (pointed) isophotes. Studies have
shown that elliptical galaxies with disky isophotes tend to be fainter, rotationally supported,
lack X-ray and radio activity and have power-law nuclear light profiles, while those with boxy
isophotes tend to be brighter, supported by random motions, have significant X-ray and ra-
dio activity and peaked nuclear profile (Ferrarese et al. 1994; Bosch 1994; Rest et al. 2001;
Lauer 2005). The shapes of galaxies may also be correlated with their ages (Ryden et al.
2001). Recently Hao et al. (2006) studied the isophotal shapes of a large sample of 847
early-type galaxies from the SDSS, and Pasquali et al. (2007) have used the same sample to
investigate the dependence of the isophotal structure on the AGN activity and environment
of the galaxies. The dynamic range available to these studies is limited, due to the short ex-
posure of the SDSS. The isophotal shape study by Bender et al. (1988) extends to 1.5 times
effective radius (1.5re) of the galaxies, while Hao et al. (2006) studied their larger sample of
857 nearby galaxies with redshift z < 0.05 extending to 1.5 times the Petrosian half-light
radius (1.5R50).
In this paper we revisit the properties of isophotal shapes for a sample of more distant
early-type galaxies in a single field, using exceptionally deep CCD exposures. These enable
us to go out to much larger radii of ∼ 4.5R50 and reach ∼ 4mag arcsec−2 deeper in surface
brightness. We have obtained redshifts for a subsample of these galaxies: the redshifts peak
at z ∼ 0.1 and extend to z ∼ 0.8, covering a wide range of absolute magnitudes.
Studies of the faint outer parts of galaxies are not new. By 1980 Malin (e.g. Malin & Carter
1980) was using sky survey photographs to create images that reached 10 magnitudes below
the level of the sky background. These led to the discovery of very faint shells and tails
around galaxies, soon interpreted as evidence for dynamical evolution due to gravitational
interactions and mergers (e.g. Quinn 1984). Capaccioli et al. (1988) combined photographic
and CCD imaging of nine nearby galaxies, to explore the boundary between E and S0 galaxies
by looking at the changing shapes of isophotes with radius.
We extend the methodology of Bender et al. (1988) and derive mean isophote parame-
ters for up to four radial bins for each galaxy. Pointed isophotes can usually be attributed
to a galaxy which consists of a spheroid and a weak disk which is being viewed more or less
edge-on. Nieto & Bender (1989) suggest that some pointed isophotes may be due to tidal
extensions. But the origin of boxy isophotes is still unclear. Naab et al. (1999) showed that
mergers of spiral galaxies with comparable mass are more likely to form boxy ellipticals, while
mergers of spiral galaxies with differing mass can lead to disky ellipticals. However, disc-disc
mergers do not form a perfect dichotomy (Nabb & Burkert 2003), while elliptical-elliptical
mergers always lead to boxy isophotes (Nabb & Burkert 2006). Using N-body simulation
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Bournaud et al. (2005) found that for a 7:1 merger, isophotes in the inner region (bulge) are
boxy, while the outer isophotes are disky. Such radial variation is also seen in the analysis
of 2MASS data for Arp mergers by Chitre & Jog (2002). Our study of isophotal shapes to
faint levels will be useful for better comparison between observations and such theoretical
possibilities.
This paper is organized in the following way: in Section 2 we describe the imaging data,
sample selection, bulge-disk decomposition and spectroscopic data used for this study. In
Section 3, surface photometry of sample galaxies, and estimation of isophotal and rest frame
parameters, are described. In Section 4, we give the properties of the sample and main
results of our study along with the comparison with earlier work. We discuss our results in
Section 5 and give a summary and our conclusions in Section 6.
2. The observational data
2.1. Imaging data
The imaging data were originally obtained as part of a faint quasar survey using the
Large Format Camera (LFC) on the 5m Hale telescope at Mount Palomar Observatory, with
integrated exposures ranging from 1 to 4 hours in r, i and z filters. The LFC is a mosaic of
six 2048 × 4096 pixel CCDs, mounted at the prime focus of the Hale Telescope. The fields
targeted were those of known SDSS high redshift (z > 5) quasars in order to look for a
local over-density of quasars (Mahabal et al. 2005). We obtained reduced images which were
bias subtracted, flat fielded and processed to remove cosmic rays as a part of the original
programme. The deep LFC images have excellent signal-to-noise ratio (SNR), permitting
us to examine faint features, including the outermost extensions of the galaxies, down to
∼ 0.1% of the sky brightness.
In this paper we use a sample of galaxies selected from the LFC field SDSS 1208+0010
which spans an area of 13′.56 × 25′.32 centered on RA = 12h08m24s and dec = 00d10m28s
(J2000). The field was observed in the SDSS i and z filters with integrated exposure of
2.51 h and 2.56 h respectively. The i-band image of the field is an average combination
of 140 individual frames. The mean background count in the i-band image is 6278 ADU
(analog-to-digital units), so with a gain of 1.1, an accuracy of ∼ 0.1% is obtained in the
estimation of the sky background.
All the LFC fields are in the area of the sky covered by SDSS imaging. We therefore
have imaging data in the SDSS u, g and r bands for our sample galaxies, in addition to
the LFC i and z band data, though not to the same depth. We have used the SDSS DR7
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photometric catalog (Abazajian et al. 2009) to obtain the Petrosian half-light radii, apparent
magnitudes and Galactic extinction corrections at the position of each sample galaxy in all
the five bands.
2.2. Sample selection
We used SExtractor (Bertin & Arnouts 1996) to produce a catalog of all sources in the
LFC field SDSS 1208+0010, and to identify galaxies from the catalog. SExtractor provides a
stellarity index for star/galaxy separation of the detected objects: 0 for an object identified as
a galaxy, 1 for a star, and some intermediate value for ambiguous objects, which are usually
the fainter objects in the sample. For correct star/galaxy separation, and to have galaxies
with sufficient brightness and size to ensure reliable morphological study, we select galaxies
using objects from our SExtractor catalog which satisfy the following criteria: (i) SExtractor
parameter value CLASS STAR < 0.8; (ii) SDSS parameter value PhotoType = GALAXY in
the PhotoObjAll table of the SDSS DR7 photometric catalog (Abazajian et al. 2009); and
(iii)mi < 20.5 where mi is the i-band model magnitude of the object corrected for extinction,
which is denoted by dered i in the SDSS DR7 photometric catalog. To ensure that a sufficient
number of pixels is available for surface photometry, we included in our sample only objects
with the i-band SExtractor parameter ISOAREA IMAGE > 165. The area covered by the
chosen pixels is > 21.74 arcsec2 for every object in the sample, with the intensity in every
pixel being brighter than the analysis threshold of 26.0mag arcsec−2, which corresponds to a
3σ detection threshold. Through visual examination of the image, we have excluded objects
which are near bright stars. Applying these criteria, we arrived at a sample of 266 galaxies.
Basic data for the target galaxies in Field SDSS 1208+0010 are available in Table 9,
which is at the end of this article. We give first few entries from Table 9 in Table 1 as an
illustration. The table gives an LFC serial number for each galaxy, from the SExtractor
catalog generated by us, the SDSS ID, position and photometric data from from the DR7
photometric catalog (Abazajian et al. 2009), and finally the semi-major axis (in arcsec), i-
band surface brightness (in mag arcsec−2) and signal-to-noise ratio (SNR) of the outermost
isophote to which an ellipse can be fitted (see Section 3).
We show in Figure 1 the i-band image of the largest galaxy from the LFC field, together
with the SDSS i-band image of the same galaxy. The profiles of the surface brightness along
the semi-major axis of the two images are shown in the lower panels, up to a point where the
ratio of the mean isophotal intensity to the total error in isophotal intensity is about three.
These points are shown as arrows along the two profiles, with the surface brightness level
reached at that point given as a fraction of the sky brightness. Since the SNR is the same for
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Fig. 1.— Surface brightness (SB) profiles of a galaxy from the sample, generated using SDSS
(shown in blue color) and LFC (shown in red color) i band images. The top panels show SDSS
(left) and LFC (right) image cutouts (∼ 55′′× 55′′). The SB profiles are obtained by fitting ellipses
up to a point along the semi major axis where the ratio of the mean isophotal intensity to the total
error in the isophotal intensity drops to three in each image. 1σ error in the isophotal intensity
is indicated for each point. The dotted vertical line shows the average seeing in the i band LFC
observation. The galaxy has mi = 17.8, and z = 0.1772 as determined from AAT observation. The
linear scale for the cosmology adopted (see Section 3) is ∼ 3 kpc arcsec−1.
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isophotes of the two images at the indicated points, it is clear that we reach ∼ 4mag arcsec−2
fainter in surface brightness in the LFC images compared to the SDSS images (see Section A).
The mean value of the semi-major axis (sma) length for the outermost isophote for our sample
galaxies is 5′′.41. The ellipse fitting process fails to converge before reaching the condition
that isophotes have (mean isophotal intensity/total error in isophotal intensity) ∼ 3 for most
of the cases, principally because of crowding effects at the lowest brightness levels. For the
sample the mean signal-to-noise ratio reached at the outermost isophote is 14. The average
surface brightness and its average error at the outermost isophote we could reach for our
sample galaxies are 26.94mag arcsec−2 and 0.12mag arcsec−2 respectively.
2.3. Bulge-disk decomposition
We have performed bulge-disk decomposition and selected 132 galaxies with bulge-
to-total luminosity ratio B/T > 0.4 as being of early-type (see Rawat et al. 2007, for a
discussion), which will form the basis for work reported in this paper. Here the luminosities
are estimated using parameters which define the large scale structure of the galaxy. We
assume that each galaxy consists of a bulge and a disk, and used the two-dimensional code
GALFIT (Peng et al. 2002) to decompose the image of the galaxy into these components.
The intensity profile of the bulge is modeled with the Sersic law (Sersic 1968),
Σ(r) = Σeexp
[
−2.303bn
[( r
re
)1/n
− 1
]]
, (1)
where re is the half light radius, Σe the surface brightness at re and n the Sersic index. The
disk is modeled with an exponential profile (Freeman 1970))
Σ(r) = Σ0exp
[
− r
rd
]
, (2)
where Σ0 is the central surface brightness and rd is the disk scale length. GALFIT obtains
best fit parameters by minimizing χ2 obtained by comparing the observed distribution of
intensity in the two-dimensional image of the galaxy with model images obtained using
the radial profiles defined above, and convolved with the point spread function. After the
decomposition, the total bulge and disk fluxes are obtained by integrating the best fit profiles
over all values of the semi-major axis.
2.4. Spectroscopic data
The distances to most of our galaxies are unknown. However, we have obtained spectra
for some of the galaxies in the LFC 1208+0010 field using the 2dF/AAOmega multi-fiber
–
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Table 1. Basic parametrs of the sample of early-type galaxies
SDSS ID RA Dec u g r i z R50 sma µi SNR
mag mag mag mag mag arcsec arcsec mag arcsec−2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
LFC 462 588848899913548358 182.02545140 -0.00014042 21.50 ± 0.43 21.06 ± 0.13 20.55 ± 0.13 20.57 ± 0.21 19.96 ± 0.43 1.07 ± 0.16 3.81 26.36 ± 0.06 17.25
LFC 525 587748929241612656 182.10068456 0.00579127 22.48 ± 1.58 20.76 ± 0.09 20.42 ± 0.10 20.13 ± 0.12 20.74 ± 0.95 1.10 ± 0.11 3.81 26.06 ± 0.04 26.07
LFC 554 587748929241547219 181.99182097 0.00889758 22.09 ± 1.04 21.89 ± 0.24 21.11 ± 0.18 19.90 ± 0.09 19.67 ± 0.34 1.28 ± 0.07 3.81 26.67 ± 0.08 12.50
LFC 558 587748929241547253 181.99959155 0.01032991 26.27 ± 2.14 21.73 ± 0.24 20.20 ± 0.09 19.44 ± 0.07 19.05 ± 0.21 1.01 ± 0.07 5.11 26.58 ± 0.10 10.06
LFC 622 587748929241546923 182.03581581 0.01761600 20.79 ± 0.41 19.26 ± 0.03 18.16 ± 0.02 17.70 ± 0.02 17.33 ± 0.06 1.38 ± 0.02 10.11 27.21 ± 0.09 11.88
LFC 633 587748929241547046 182.04195384 0.01802068 20.48 ± 0.30 20.09 ± 0.06 19.51 ± 0.05 19.11 ± 0.05 19.21 ± 0.28 1.26 ± 0.05 8.32 27.18 ± 0.08 13.77
LFC 663 587748929241612845 182.17111251 0.01778466 21.46 ± 0.60 21.97 ± 0.26 20.89 ± 0.15 20.06 ± 0.10 19.19 ± 0.22 1.14 ± 0.08 3.81 25.90 ± 0.05 23.48
LFC 677 587748929241547621 181.99102394 0.02035316 19.94 ± 0.20 22.14 ± 0.42 20.94 ± 0.16 20.98 ± 0.33 22.79 ± 4.34 0.80 ± 0.17 5.36 27.64 ± 0.19 5.11
LFC 725 587722983351583067 182.01578218 0.02274361 25.14 ± 4.14 21.58 ± 0.27 20.82 ± 0.13 20.75 ± 0.30 20.12 ± 0.77 1.32 ± 0.37 3.81 26.65 ± 0.12 8.92
LFC 741 587748929241547216 181.99078515 0.02434438 21.46 ± 0.57 21.65 ± 0.19 20.74 ± 0.12 20.19 ± 0.12 19.80 ± 0.36 0.97 ± 0.09 4.86 27.60 ± 0.21 4.73
LFC 824 587748929241547430 182.05600812 0.03170720 23.94 ± 10.03 23.14 ± 2.52 20.28 ± 0.18 20.44 ± 0.65 19.60 ± 0.78 0.74 ± 0.33 3.81 25.93 ± 0.04 28.48
LFC 848 587748929241547282 182.00945210 0.03522617 22.05 ± 1.24 20.93 ± 0.14 20.26 ± 0.11 20.13 ± 0.17 19.63 ± 0.39 1.00 ± 0.12 3.81 26.89 ± 0.09 11.38
LFC 925 587748929241612771 182.14531708 0.03984272 21.09 ± 0.52 21.00 ± 0.13 20.09 ± 0.07 19.76 ± 0.09 19.08 ± 0.24 1.27 ± 0.07 3.81 26.10 ± 0.05 21.72
LFC 954 587748929241612750 182.13801353 0.04149656 24.88 ± 5.75 23.04 ± 0.87 20.93 ± 0.17 20.11 ± 0.14 20.28 ± 0.78 1.06 ± 0.15 3.63 26.12 ± 0.08 12.67
LFC 985 587748929241547693 182.03813760 0.04718642 25.96 ± 2.24 25.08 ± 1.99 20.94 ± 0.14 19.70 ± 0.08 19.39 ± 0.25 1.21 ± 0.10 6.21 28.07 ± 0.20 4.93
Note. — Here we list data for only the first 15 galaxies in our sample: the full table is available at the end of the article as Table 9. Column (1) gives ID of
the sample galaxies in SExtractor catalog generated by us. Quantities from column (2) to column (10) are obtained from the PhotoObjAll table of the SDSS DR7
photometric catalog (Abazajian et al. 2009). Column (2) gives a unique SDSS identifier which is listed as objID in the PhotoObjAll table Columns (3) and (4) give
J2000 right ascension and declination in degree. Columns (5) to (9) give extinction corrected Petrosian magnitudes in u, g, r,i and z bands. Column (10) gives
Petrosian half-light radius in a arcsec. Columns (11) to (13) give length of semi-major axis (in arcsec), i-band surface brightness (in mag/arcsec−2) and signal to
noise ratio respectively of the outermost isophote in which ellipse can be fitted (see Section 4).
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system on the AAT. For these galaxies we can derive distances, absolute magnitudes and
linear sizes, to facilitate comparison with other samples. These single-fiber spectra do not
sample our galaxies consistently and were only intended for determining redshifts, but they
do confirm that most of our early-type galaxies selected on the basis of B/T are indeed
early-type galaxies.
We chose to observe the 266 selected galaxies from the field SDSS 1208+0010 (see
Section 2.2) using the AAOmega multi-fiber spectrograph1 (Saunders et al. 2004) on the 4m
Anglo-Australian Telescope (AAT). AAOmega, which has 392 fibers each with 2′′ angular
diameter, was used with gratings 385R and 580V in multi-object mode. The detectors used
were EEV 4482 2k × 4k CCDs having pixel size 15µm, allowing 10 pixels per fiber. The
wavelength range covered by grating 580V is 3700 − 5700 A˚ with dispersion 1.0 A˚ pixel−1,
and by grating 385R is 5600−8800 A˚ with dispersion 1.6 A˚ pixel−1. This setup of AAOmega
provides a resolution of R ∼ 1300.
The compactness of our field as compared to the 2 degree field of view of AAOmega,
together with a 30′′ restriction on the minimum separation between fibers, meant that it was
not possible to observe all the 266 galaxies simultaneously. We used the latest version of
the AAOmega specific CONFIGURE program2 for automatic fiber allocation. This program
uses a “simulated annealing” algorithm (Miszalski et al. 2006) to maximize the number of
objects observed. We assigned priorities to our targets as a function of fiber magnitude in
the g filter (fiberMag g). We selected the positions of blank sky regions and suitable guide
stars from the SDSS PhotoObjAll table, lying within the 2dF field but outside the central
LFC field. SDSS images were visually inspected to ensure there was no contamination by
other objects.
The publicly available 2DFDR3 (Bailey et al. 2004) pipeline reduction system was used
on each exposure to subtract bias and dark current and to carry out flat-fielding, sky-
subtraction and wavelength-calibration. The blue and red-arm spectra were spliced together
after the spectra in each exposure set were co-added. Redshifts were determined using a
version of the ZCODE software in manual mode (see Cannon et al. 2006, sec 5.2 & 5.3).
Each spectrum was visually inspected and assigned a redshift quality flag Q, having value
from 0 to 6 based on (i) emission-line/absorption-line features identified in the spectrum and
(ii) cross-correlation value estimated by the software. The cross-correlation was done with
that template spectrum which matched best with each observed spectrum. A larger value of
1See: http://www.aao.gov.au/local/www/aaomega/
2See: http://www.aao.gov.au/AAO/2df/aaomega/aaomega software.html
3http://www.aao.gov.au/AAO/2df/software.html#2dfdr
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Q signifies a more reliable redshift measurement. Redshift measurements with quality Q ≥ 3
were considered reliable, while Q < 3 was assigned to unreliable redshifts or when no redshift
was obtained. From experience with much larger samples of galaxies for other projects (e.g.
Cannon et al. 2006), we believe that around 95% of redshifts flagged as reliable should be
correct.
The median Petrosian half-light radius of our sample of galaxies is about 1.05′′, only
slightly larger than the radius of the 2dF/AAOmega fibers. Thus for large nearby galaxies
our spectra sample only the nucleus, while for small distant galaxies we integrate most of
the light. The majority of our spectra were best fitted by an early-type galaxy template,
confirming the validity of our selection criteria based on B/T . We defer further discussion
of the spectra to a subsequent paper: here we simply use the spectra to determine redshifts
and hence distances.
AAOmega observations for galaxies in field SDSS 1208 were carried out in service mode
with exposures of 1 h (3× 1200 sec) in June 2006 and for 1.5 h (3× 1800 sec) in March 2007.
In the observations of June 2006 only 135 galaxies could be targeted. We attained a mean
S/N per pixel of ∼ 4 in the blue and ∼ 10 in the red spectra for targets with fiberMag g ∼ 21.
We obtained reliable redshifts for 55/135 (40%) of the galaxies targeted and achieved 100%
success for the brightest targets, i.e. for all 37 galaxies with fiberMag g < 21.2. However, the
success rate fell rapidly for fainter galaxies. We observed the field SDSS 1208 again in March
2007 with increased exposure time and could target 121 galaxies from the field, including
all those not targetted in 2006 plus 58 that failed to yield a redshift in the first run. By
combining the spectra from the two observing runs we determined reliable redshifts for an
additional 17 galaxies. It should be noted that our success in determining redshifts is higher
when emission lines are present, and that our fiber spectra sample only a 2′′ diameter patch
of sky which may contain a substantial fraction of the light from small distant galaxies but
only the core of nearby galaxies. Thus they do not give an unbiased sampling of the full set
of galaxies or of their spectral types.
We show in Figure 2 the redshift distribution for all the galaxies in field SDSS 1208 for
which we obtained redshifts. The redshifts of galaxies which we selected as early-type on the
basis of B/T are shown by the shaded area. It is evident that the proportion of early-type
galaxies increases with redshift, with late-type galaxies being more common for z < 0.2 while
early-type galaxies are more common for z > 0.2.
We have obtained the rest frame absolute magnitudes in the u, g, r, i and z bands for
the galaxies for which we have redshift measurements using the equation
– 10 –
M = m−DM(z) − k(z)− A, (3)
where z is the redshift, m and M are apparent and absolute magnitudes respectively in each
band and k(z) and A are the k-correction and Galactic extinction in that band. The distance
modulus DM(z) is obtained using a flat λCDM cosmology with Ωm = 0.3, ΩΛ = 0.7 and
H0 = 70 km sec
−1Mpc−1. The k-corrections have been obtained using the publicly available
KCORRECT code (Blanton & Roweis 2007), and the extinction values are obtained from the
DR7 photometric catalog which uses Galactic extinction maps published by Schlegel et al.
(1998).
To compare our results with earlier work, we have obtained Johnson B and Vmagnitudes
using the transformations (Smith et al. 2002)
B = g + 0.47(g − r) + 0.17
V = g − 0.55(g − r)− 0.03. (4)
The apparent B, V magnitudes are converted to absolute magnitudes using Equation 3 and
k-corrections in B and V bands are obtained from Poggianti (1997).
To summarize, from the two sets of AAT observations we obtained reliable redshifts for
129 of the 266 galaxies in our original photometric sample: of these, 53 galaxies are included
in the early-type sample discussed in this paper. The redshift-dependent parameters are
listed in the Table 2. In order to facilitate comparison with other samples of galaxies, plots
of absolute B magnitude and Petrosian R50 radius against redshift are shown in Figure 3.
The bulk of the galaxies have redshifts in the range 0.1 < z < 0.3, with MB between -17 and
-21 and Petrosian R50 from two to six kpc. There are half a dozen dwarfs with z < 0.1 and
a similar number of giants, mostly at high redshifts. The upper panel of Figure 3 shows a
good correlation between Petrosian R50 and z for most of the galaxies.
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Fig. 2.— Redshift distribution of the 129 galaxies from field sdss1208. The shaded area
shows the distribution of 53 early type galaxies which are part of this work.
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Fig. 3.— The lower panel show plot of redshift versus MB for the 53 galaxies of our sample.
See text for details. The lowest redshift galaxies are mostly dwarfs, while those in the high
redshift tail are the brightest. The plot of redshift versus Petrosian R50 radius in the upper
panel shows a good correlation. The dwarf galaxies (with MB > −17) are indicated by large
circles, and the most luminous (MB < −21) with traingle symbols.
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Table 2. Distance-dependent parameters for 53 galaxies with redshifts
ID z R50 sma Mu Mg Mr Mi Mz MB MV
kpc kpc mag mag mag mag mag mag mag
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
LFC 558 0.4382 5.72 ± 0.37 28.97 -18.48 -21.90 -22.49 -22.85 -23.07 -21.45 -22.26
LFC 622 0.1580 3.77 ± 0.06 27.59 -19.24 -20.66 -21.43 -21.78 -22.11 -20.13 -21.12
LFC 633 0.1162 2.65 ± 0.11 17.50 -18.26 -18.73 -19.27 -19.54 -19.47 -18.31 -19.06
LFC 663 0.6136 7.72 ± 0.57 25.75 -21.39 -22.18 -23.40 -23.79 -24.52 -21.44 -22.88
LFC 824 0.2230 2.66 ± 1.20 13.68 -17.42 -17.94 -20.20 -19.88 -20.67 -16.71 -19.21
LFC 848 0.2255 3.62 ± 0.45 13.80 -18.46 -19.60 -20.01 -20.02 -20.48 -19.24 -19.86
LFC 985 0.4361 6.85 ± 0.54 35.11 -19.53 -19.47 -22.37 -23.17 -23.21 -17.93 -21.10
LFC 988 0.2788 3.32 ± 0.37 16.13 -17.20 -19.09 -19.92 -20.69 -21.08 -18.54 -19.58
LFC 1039 0.3632 4.69 ± 0.84 29.91 -19.70 -20.37 -20.85 -20.52 -18.35 -19.98 -20.66
LFC 1056 0.0636 1.47 ± 0.06 9.70 -16.05 -17.47 -18.02 -18.18 -18.19 -17.05 -17.81
LFC 1091 0.4359 5.78 ± 0.93 28.88 -18.56 -20.78 -22.00 -22.42 -22.94 -20.04 -21.48
LFC 1411 0.1588 2.80 ± 0.24 10.45 -17.72 -18.35 -19.06 -19.16 -19.15 -17.85 -18.77
LFC 1494 0.2919 5.61 ± 0.17 36.36 -20.60 -21.36 -22.13 -22.61 -22.69 -20.83 -21.81
LFC 1504 0.2716 4.98 ± 0.34 27.07 -18.55 -19.75 -20.50 -21.05 -20.73 -19.23 -20.19
LFC 1551 0.1829 2.90 ± 0.56 11.72 -19.07 -18.93 -19.85 -20.02 -21.28 -18.33 -19.47
LFC 1613 0.1161 2.37 ± 0.53 11.27 -17.10 -17.47 -17.99 -17.76 -17.65 -17.06 -17.79
LFC 1739 0.0332 0.57 ± 0.06 3.38 -9.69 -13.95 -14.83 -15.53 -16.20 -13.36 -14.46
LFC 1772 0.1775 3.37 ± 0.19 16.90 -16.78 -19.34 -20.00 -20.00 -20.20 -18.86 -19.73
LFC 1802 0.2925 4.73 ± 0.20 25.88 -19.77 -20.89 -21.30 -21.50 -21.32 -20.53 -21.15
LFC 2159 0.2387 3.72 ± 0.42 14.40 -18.33 -19.53 -20.60 -20.95 -22.08 -18.86 -20.15
LFC 2168 0.2480 3.88 ± 0.18 14.82 -19.68 -20.59 -20.94 -20.76 -20.94 -20.25 -20.81
LFC 2177 0.2047 3.62 ± 0.34 17.16 -18.26 -19.50 -20.12 -19.98 -20.39 -19.05 -19.87
LFC 2180 0.1024 1.11 ± 0.11 6.77 -16.46 -16.19 -16.87 -17.71 -18.57 -15.70 -16.59
LFC 2181 0.2479 3.36 ± 0.09 19.84 -19.46 -20.74 -21.28 -21.46 -21.78 -20.32 -21.07
LFC 2184 0.0357 0.93 ± 0.01 7.92 -18.01 -18.64 -18.91 -18.97 -19.04 -18.35 -18.82
LFC 2310 0.1931 3.07 ± 0.33 12.24 -19.22 -19.47 -20.02 -20.10 -20.61 -19.05 -19.80
LFC 2356 0.1193 4.06 ± 0.53 8.20 -16.73 -18.07 -18.40 -18.45 -18.74 -17.75 -18.28
LFC 2362 0.0592 1.49 ± 0.23 7.84 -15.51 -14.99 -16.61 -17.28 -17.74 -14.06 -15.91
LFC 2405 0.0899 1.40 ± 0.38 5.80 -12.28 -15.57 -16.73 -16.86 -17.96 -14.86 -16.24
LFC 2414 0.2869 5.81 ± 0.15 37.72 -21.21 -22.22 -22.97 -23.28 -23.56 -21.69 -22.66
LFC 2484 0.1887 3.55 ± 0.46 13.91 -19.48 -18.08 -19.31 -19.39 -19.11 -17.34 -18.79
LFC 2525 0.2051 4.00 ± 0.30 12.83 -18.26 -19.44 -19.90 -20.07 -20.00 -19.06 -19.72
LFC 2549 0.1264 2.97 ± 0.04 21.78 -19.02 -20.26 -20.93 -21.24 -21.49 -19.78 -20.66
LFC 2692 0.1295 2.31 ± 0.38 11.79 -14.39 -17.83 -17.90 -17.70 -19.00 -17.63 -17.90
LFC 2708 0.0184 0.28 ± 0.02 1.42 -8.13 -12.93 -14.19 -14.57 -12.69 -12.17 -13.65
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3. Isophotal analysis and estimation of parameters
The early-type galaxies selected for our study are bulge dominated and therefore have
isophotes which are close to elliptical in shape. It is our aim to measure morphological
parameters which describe the elliptical shape, as well as small deviations from it, as a
function of galaxy properties. We performed ellipse fitting using the IRAF routine ellipse
within STSDAS, which is based on a technique described by Jedrzejewski (1987). However,
before the ellipse fitting, pre-processing using SExtractor has to be performed to obtain a
catalog of all detected objects in the field, a sky background image, and a segmentation
image.
The segmentation image is a map of all detected objects in the field in which, for
any given object, all the pixels have value equal to the running SExtractor catalog number
corresponding to that object. The value of parameters used for estimation of background
in the SExtractor configuration file are BACK SIZE 128; BACK FILTERSIZE 3; BACK-
PHOTO TYPE LOCAL; and BACKPHOTO THICK 64 (see Bertin & Arnouts 1996). The
sky background image obtained is subtracted from the field image, and 150×150 pixel cutouts
around the geometric center of our sample galaxies are made from the sky-subtracted image
and the segmentation image. The cut-outs of segmentation images are used to generate mask
files for the surface photometry.
We use the geometric center, ellipticity and position angle of sample galaxies, obtained
from the SExtractor catalog, as initial values in the ellipse fitting. In the ellipse task, the
image intensity is first sampled along a trial ellipse generated using these parameters, and
the intensity string I(θ) is expanded in a Fourier series,
I(θ) = I0 +
N∑
n=1
[An sin(nθ) +Bn cos(nθ)] , (5)
where N is the highest harmonic fitted and θ is the azimuthal angle measured from the
major axis. ellipse uses the first and second order coefficients obtained for trial ellipses to
iteratively improve the fitting. For perfectly elliptical isophotes all the Fourier coefficients
except I0, which is the mean isophotal intensity, should vanish at the end of the fitting
process, and significant residuals can only be of order three or higher. We allowed the
geometric center, ellipticity and position angle to vary freely during fitting. Successive
ellipses are fitted along the semi-major axis with a logarithmic step of 0.05 until the ratio
(mean isophotal intensity/total error in isophotal intensity) ∼ 3, or the ellipse fitting process
fails to converge. The output of ellipse is a table containing radial profiles of number of
isophotal parameters along with uncertainties associated with them (see Busko 1996, for
error estimation of isophotal parameters).
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Table 2—Continued
ID z R50 sma Mu Mg Mr Mi Mz MB MV
kpc kpc mag mag mag mag mag mag mag
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
LFC 2712 0.1198 3.01 ± 0.17 16.30 -17.70 -19.21 -20.21 -20.74 -21.25 -18.58 -19.79
LFC 2782 0.1772 6.03 ± 0.13 40.61 -19.58 -20.83 -21.52 -21.87 -22.26 -20.33 -21.24
LFC 3072 0.4621 5.69 ± 0.57 29.86 -20.85 -20.65 -21.73 -21.94 -22.48 -19.97 -21.28
LFC 3094 0.2864 5.35 ± 0.21 32.55 -20.33 -21.19 -21.68 -21.80 -22.06 -20.79 -21.49
LFC 3218 0.2218 2.41 ± 0.16 16.56 -18.37 -19.02 -19.53 -19.74 -19.92 -18.61 -19.33
LFC 3274 0.0977 2.46 ± 0.31 6.56 -16.43 -16.74 -17.31 -17.69 -17.57 -16.30 -17.08
LFC 3292 0.4390 7.06 ± 0.56 35.24 -20.69 -21.76 -21.85 -22.06 -21.94 -21.54 -21.84
LFC 3381 0.7809 7.27 ± 0.55 38.03 -22.38 -22.79 -23.63 -23.38 -23.31 -22.23 -23.28
LFC 3430 0.1200 2.65 ± 0.10 24.12 -18.87 -19.89 -20.58 -20.91 -21.26 -19.40 -20.30
LFC 3458 0.3757 4.49 ± 0.32 25.14 -20.25 -20.69 -21.65 -22.01 -22.50 -20.07 -21.25
LFC 3508 0.2609 5.14 ± 0.23 35.25 -19.75 -20.97 -21.82 -22.27 -22.49 -20.41 -21.47
LFC 4009 0.1981 3.16 ± 0.21 20.33 -19.19 -20.31 -20.84 -21.12 -21.49 -19.89 -20.63
LFC 4059 0.3735 7.82 ± 0.40 52.06 -19.50 -21.67 -22.17 -22.43 -22.36 -21.27 -21.98
LFC 4188 0.0975 1.98 ± 0.05 10.66 -17.79 -18.99 -19.69 -19.97 -20.15 -18.50 -19.41
LFC 4248 0.0972 2.81 ± 0.19 14.96 -17.78 -18.73 -19.10 -19.24 -19.55 -18.39 -18.96
LFC 4394 0.2608 4.09 ± 0.33 15.37 -17.94 -19.84 -20.09 -20.33 -20.61 -19.56 -20.01
LFC 4536 0.2975 5.36 ± 0.88 16.88 -19.52 -20.46 -20.68 -21.02 -21.17 -20.18 -20.61
LFC 4763 0.0208 0.29 ± 0.01 1.84 -13.36 -13.86 -14.75 -15.22 -15.62 -13.27 -14.38
Note. — Column (1) gives our SExtractor catalog ID. Column (2) gives spectroscopic redshift obtained
by us. Column (3) and (4) give Petrosian half light radius and semi-major axis lenght in kiloparsec.
Columns (5) to (11) give absolute magnitudes of galaxies in SDSS filters. Column (10) and and (11) give
Johnson B and V absolute magnitudes obtained using Equations 3 and 4.
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In their seminal papers on the isophotal shapes of elliptical galaxies, Bender et al. (1988)
and Bender et al. (1989) define structural parameter an/a and bn/a. The An and Bn provided
by the ellipse table are normalized to the semi-major axis a and the local intensity gradient
intensity dI
da
(ellipse output GRAD). The normalized Bn coefficients can be converted to
the an/a parameter as
an
a
= Bn
√
1− ǫ = Bn
√
b/a, (6)
where b is the semi-minor axis and ǫ is isophotal ellipticity (Milvang-Jensen & Jørgensen
1999; Tremblay et al. 2007; Hao et al. 2006b). The factor of
√
1− ǫ =√b/a is needed to re-
normalize the radial deviation to the equivalent radius r =
√
ab (Milvang-Jensen & Jørgensen
1999). The a4/a parameter, which is the most dominant coefficient for any isophote deviating
from a pure ellipse, quantifies the deviation along the major axis of the isophote. Isophotes
with a4/a < 0 have a “boxy” shape while the shape of isophotes with a4/a > 0 is “disky”
(Bender et al. 1988). The parameter bn/a can be related to the normalized An parameter
through a relation similar to Equation 6 but we do not use it in our present work.
The Fourier coefficients and morphological parameters vary along the semi-major axis,
and we find that there are significant changes in values in the outer regions of the galaxies. It
is therefore not enough to consider characteristic values of the parameters at a single fiducial
distance from the centre, as has been done by earlier workers (see e. g. Bender et al. (1988),
Hao et al. (2006)), for investigating relationships between these parameters and other global
galaxy properties. However, in comparing data for a large sample of galaxies it is convenient
to derive mean values of isophote parameters in a few regions, rather than the full sets
of isophotes. We therefore divide each galaxy into four regions defined by distance from
the centre along the semi-major axis: (i) seeing radius rs to 1.5R50 (Region 1), (ii) 1.5R50
to 3.0R50 (Region 2), (iii) 3.0R50 to 4.5R50 (Region 3) and (iv) semi-major axis > 4.5R50
(Region 4), where R50 is the Petrosian half-light radius. In each region we obtain the mean
value of various parameters, weighted with the intensity (counts) and inversely weighted
with the variance of the parameter. For example, the mean value of a4/a in Region 1 is
obtained as
〈a4
a
〉
=
∫ 1.5R50
rs
a4
a
(r)I(r)
[
σa4
a
(r)
]−2
dr∫ 1.5R50
rs
I(r)
[
σa4
a
(r)
]−2
dr
(7)
Note that not all galaxies have data in all four regions: for example, Region 1 does not exist
if seeing radius rs > 1.5R50, while sometimes it is impossible to fit reliable ellipses in regions
3 and 4 due to crowding and/or low S/N . Some of the derived parameters for our sample
of galaxies are listed in Table 3 (only the first 5 galaxies are listed here as examples; the
complete table is at the end of the article as Table 10).
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Table 3. Derived parameters for a sample of the LFC galaxies
ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉
(1) (2) (3) (4) (5)
LFC 462 0.89 · · · · · · · · ·
3.52e-03 ± 2.25e-03 -1.25e-03 ± 2.16e-03 0.057 ± 0.0058
7.01e-03 ± 4.73e-03 6.91e-03 ± 3.09e-03 0.048 ± 0.0063
· · · · · · · · ·
LFC 525 0.97 · · · · · · · · ·
5.52e-03 ± 1.89e-03 -1.09e-03 ± 1.53e-03 0.070 ± 0.0047
-6.61e-03 ± 5.70e-03 1.21e-02 ± 5.41e-03 0.023 ± 0.0117
· · · · · · · · ·
LFC 554 0.65 -4.29e-03 ± 1.96e-03 1.00e-02 ± 1.82e-03 0.094 ± 0.0040
-8.35e-03 ± 3.77e-03 3.49e-03 ± 3.75e-03 0.115 ± 0.0071
· · · · · · · · ·
· · · · · · · · ·
LFC 558 0.68 6.77e-03 ± 1.47e-03 1.88e-03 ± 1.42e-03 0.038 ± 0.0035
4.92e-03 ± 1.60e-03 1.12e-04 ± 1.56e-03 0.081 ± 0.0036
-1.10e-02 ± 1.19e-02 -4.33e-03 ± 1.28e-02 0.164 ± 0.0248
· · · · · · · · ·
LFC 622 0.59 -4.88e-04 ± 1.06e-03 1.51e-02 ± 4.42e-04 0.358 ± 0.0018
-1.18e-03 ± 8.45e-04 1.29e-02 ± 4.69e-04 0.421 ± 0.0013
4.78e-02 ± 4.35e-03 -1.47e-02 ± 3.35e-03 0.310 ± 0.0075
3.79e-02 ± 1.57e-02 -2.56e-02 ± 1.45e-02 0.259 ± 0.0257
LFC 633 0.66 5.30e-03 ± 7.48e-04 -2.57e-03 ± 6.74e-04 0.213 ± 0.0016
1.59e-02 ± 1.24e-03 -3.83e-03 ± 1.11e-03 0.219 ± 0.0027
1.64e-02 ± 4.29e-03 -6.56e-04 ± 4.22e-03 0.269 ± 0.0074
-2.51e-01 ± 7.91e-02 -2.39e-02 ± 2.74e-02 0.102 ± 0.0591
Note. — Here we list data for only the first five galaxies in our sample: the
full table is at the end of the article as Table 10. Column (1) gives our SExtrac-
tor catalog ID. Column (2) gives bulge-to-total luminosity ratio (see Section 2.3).
Columns (3) to (5) give average isophotal parameters a3/a, a4/a, and ellipticity
in four different regions for each galaxy. Average values of isophotal parameters
in Regions 1, 2, 3 and 4 are listed, when available, in the first, second, third and
fourth rows respectively for each galaxy.
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Our method of obtaining characteristic parameter values is similar to the method used by
Hao et al. (2006) and Bender et al. (1988, 1989), except that (i) Hao et al. (2006) considered
a single characteristic parameter value in the region 2rs − 1.5R50 while Bender et al. (1988,
1989) defined the value in region 2rs− 1.5re, where re is the de Vaucouleur half light radius,
and (ii) Bender et al. (1988, 1989) estimated the characteristic value of ellipticity as the
maximum value in a peaked ellipticity profile, and as the value of the ellipticity at 1.5re in
case of a continuously increasing or decreasing ellipticity profile. We have chosen multiples of
R50 for defining the regions, as the value of re is very sensitive to the goodness of fit and the
range of radius chosen for fitting surface brightness profiles with de Vaucouleurs law. The
value of R50 has been obtained from the SDSS DR7 galaxy catalogue given by Blanton et al.
(2005).
4. Observed properties of the galaxies
4.1. Some representative galaxies
In Figure 4 we show examples of three typical galaxies in our sample. The left panels
show the observed isophotes (in blue) in each region of the galaxy along the semi-major axis,
superimposed on grey-scale images from the LFC. The smooth red contours are the best-
fitted ellipses to the observed contours (see Section 3). The right panels show the variation
of a4/a along the semi-major axis of the galaxies.
These three examples represent common patterns for galaxies in our sample. The a4/a
profile for the galaxy LFC1208 2549 shows diskiness (positive a4/a) in all the regions except
in Region 2. The diskiness of galaxy LFC1208 2549 peaks in Region 3. The profile of
LFC1208 1585 shows boxiness (negative a4/a) in outer regions and small diskiness in the
inner regions. The profile for the galaxy LFC1208 4681 remains constant along the semi-
major axis with value of a4/a close to zero, as the isophotes of this galaxy do not deviate
much from the elliptical shape. The vertical lines in black colour show the bins in which
the mean values of isophotal parameters are computed. A red circle shows the mean value
of a4/a in each bin. The red dotted vertical line in each plot marks the seeing radius of the
image frame. The region of each galaxy within the seeing radius is excluded from the study.
The necessity of considering radial variation of isophotal parameters, as we do in this paper,
is clear from the profiles in the figure.
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z = 0.1264
Fig. 4.— The left panels show i-band image cut outs (20′′ × 20′′) for three of our galaxies.
Isophotes (in blue) are shown together with the best-fitted ellipses (in red). The right panels
show the variation of a4/a along the semi-major axis of each galaxy (with 1σ error bars). The
dotted vertical lines in black colour indicate the bins of semi-major axis length in which the mean
values of isophotal parameters are computed. A red circle shows the mean value of a4/a in each
bin. The positions of the blue contours in each left-hand panel are marked by blue crosses in
the corresponding right-hand panels. The region of each galaxy within the seeing radius (dashed
vertical line) is excluded from the study. Most previous studies of isophotal parameters have been
confined to only the innermost of our four bins.
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4.2. Sample properties
In this section we describe some of the basic properties of our sample and compare
those with the properties of other samples used for similar studies. We look for evidence of
systematic structural changes between the inner and outer regions of galaxies.
We first examine the differential probability distribution of ellipticity ǫ(= 1− b/a), and
shape parameters a4/a and a3/a in different regions of our sample galaxies.
We have fitted empirical Gaussian distribution functions (Equation 8) to the histograms
of various shape parameters for our galaxies, in different radial regions. Although the intrinsic
distributions are unknown a priori, empirical fits to the data may be useful for comparison
between datasets or with theoretical studies. The results of the fits are given in Table 4 and
the fits along with the distribution of the above parameters are shown in Figure 5. In some
cases we could get better fits by fitting multiple Gaussians but the statistical significance
and physical meaning of such fits was not clear. The differential probability distribution we
use for ǫ, a4/a and a3/a are of the form
p(x)dx = [k1 + k2x+ k3e
−
1
2
(
x−µ1
σ1
)2
]dx
p(x)dx = [k1 + k2x+ k3e
−
1
2
(
x−µ1
σ1
)2
+ k4e
−
1
2
(
x−µ2
σ2
)2
]dx, (8)
The coefficients k3, k4, µ1, µ2, σ1 and σ2 are the amplitude, mean and the standard deviation
of the fitted Gaussian. The coefficients k1 and k2 are zero point and slope of the baseline
for the Gaussian. The results of the fit are given in the Table 4 and the fits along with the
distribution of the above parameters are shown in Figures 5 to 7.
The ellipticity distribution of the sample used by Hao et al. (2006) (dotted curve in
Region 1, upper left panel of Figure 5) shows a peak around ǫ ∼ 0.2. The main peak
in our sample, at ǫ ∼ 0.1, indicates the presence of a larger fraction of rounder galaxies.
Both distributions of ellipticity drop to zero for ǫ > 0.5. This difference in the ellipticity
distributions is presumably because of the very different data sets. The galaxies of Hao et al.
(2006) are all large and relatively nearby, with z < 0.05, selected over a large area of the
sky. Most of our galaxies are much smaller and more distant, with a redshift distribution
peaking at z ∼ 0.1 and extending to beyond 0.5 (see Figure 2).
If Gaussian functions are fitted to the ellipticity distributions in Figure 5, we find that as
we go from Region 2 to Region 4, the peak of the distribution occurs at around 0.13, 0.16 and
0.16, i.e. the peak shifts slightly towards more flattened ellipses. Overall, the distributions
of ellipticity in Regions 1 and 2 are similar to each other, as are those for Regions 3 and 4,
but there are significant differences between the inner and outer regions.
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Table 4. Values of coefficients for fitted single and/or double Gaussians (see Equation 8
and Figures 5 to 7)
Parameter k1 k2 k3 µ1 σ1 k4 µ2 σ2 χ2 rms
ǫ (Region 1) 0.072 -0.091 0.158 0.111 0.057 - - - 1.05 0.025
±0.056 ±0.131 ±0.049 ±0.012 ±0.037
ǫ (Region 2) 0.036 -0.041 0.240 0.127 0.053 - - - 1.45 0.023
±0.045 ±0.094 ±0.040 ±0.009 ±0.013
ǫ (Region 3) 0.011 0.0 0.202 0.159 0.083 - - - 1.03 0.022
±0.014 ±0.0 ±0.017 ±0.008 ±0.012
ǫ (Region 4) 0.036 0.0 0.210 0.160 0.051 - - - 1.01 0.033
±0.018 ±0.0 ±0.032 ±0.009 ±0.020
a4
a
(Region 1) 0.0 0.0 0.0486 0.0010 0.0131 0.3143 0.0022 0.0042 1.04 0.010
± 0.0 ± 0.0 ±0.0152 ± 0.0098 ± 0.0053 ± 0.0205 ±0.0001 ± 0.0005
a4
a
(Region 2) 0.0064 -0.0726 0.5163 0.0003 0.0016 0.1256 0.0015 0.0093 1.14 0.013
±0.3322 ±2.1186 ±0.09308 ±0.0007 ±0.0024 ±0.5300 ±0.2297 ±0.2068
a4
a
(Region 3) 0.0149 -0.0273 0.0683 -0.0270 0.0011 0.1240 0.00001 0.0079 0.92 0.020
±0.0040 ±0.0300 ±0.0632 ±0.0038 ±0.0002 ±0.0107 ±0.00002 ±0.0013
a4
a
(Region 4) 0.0268 -0.0267 0.1141 -0.0256 0.0014 0.1407 0.0110 0.0030 0.53 0.021
±0.0076 ±0.1084 ±0.0810 ±0.0321 ±0.0005 ±2.6219 ±0.0004 ±0.0010
a3
a
(Region 1) 0.0 0.0 0.4510 -0.0009 0.0078 0.0135 -0.0112 0.0712 0.92 0.008
±0.0 ±0.0 ±0.0153 ±0.0003 ±0.0004 ±0.0068 ±0.0234 ±0.0208
a3
a
(Region 2) 0.0 0.0 0.3639 -0.0011 0.0105 - - - 1.38 0.023
±0.0 ±0.0 ±0.0307 ±0.0010 ± 0.0009
a3
a
(Region 3) 0.0 0.0 0.2253 -0.0024 0.0142 0.0593 0.0513 0.0140 1.01 0.012
±0.0 ±0.0 ±0.0112 ±0.0008 ±0.0009 ±0.0322 ±0.0043 ±0.0056
a3
a
(Region 4) 0.0 0.0 0.1081 0.0046 0.0352 0.0090 0.0291 0.0036 0.93 0.023
±0.0 ±0.0 ±0.0131 ±0.0061 ±0.0062 ±0.0231 ±0.0302 ±0.0009
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Figure 6 shows the distribution of the quadrupole parameter a4/a for our sample. The
distribution in Region 1 shows a slight excess of disky isophotes (positive a4/a values),
although not as strong as that found at similar radii by Hao et al. (2006) and shown by the
blue curve. However, the distribution we find in Region 2 (upper right panel) does resemble
that of Hao et al. (2006). As in the case of the ellipticity plots in Figure 5, the histograms for
a4/a in Regions 1 and 2 are similar to each other but quite different from those for Regions
3 and 4.
The a3/a parameter quantifies the deviation from pure ellipse that occur along the
observed isophote every 120◦. Pasquali et al. (2007) have suggested that such deviations
may be attributed to the presence of dust or clumps present within the galaxy. But the
distribution of the dust can be irregular in the galaxy and can also give rise to higher
order Fourier coefficients. It may be better to interpret a3/a as a structural parameter,
possibly indicating dynamical effects from galaxy interactions or mergers. Figure 7 shows
the distribution of this parameter for our sample.
The distribution of a3/a in Region 1 is reasonably fitted by a sum of two Gaussian
functions with mean −0.0009 and −0.0112 with dispersions 0.0078 and 0.0712. The value
of χ2 per degree of freedom for the fit is χ2ν = 0.92. In comparison, the distribution of
the Hao et al. (2006) sample is reasonably fitted by a single Gaussian with zero mean and
dispersion of 0.0032. In our sample the peaks of distribution in Region 1 and Region 2 occur
at negative values of the parameter a3/a while one peak of the double Gaussian in Region
3 and both peaks of the double Gaussian in Region 4 occur at positive values of parameter
a3/a (see Table 4). It is not known as to which property of galaxy determines the sign of
a3/a parameter. The findings of Jog & Maybhate (2006) suggest that non zero values of
a3/a parameter along with the presence of lopsidedness in the inner regions of galaxies can
be interpreted as a signature of dynamically unrelaxed behaviour in the inner regions of
the galaxies. These authors have Fourier-analysed the central few kpc of advanced mergers
of galaxies using images from the Two-Micron All-Sky Survey (2MASS) and have obtained
amplitudes and phases of Fourier components m = 1, 2, 3 and 4. Their analysis indicates that
in the case of mergers, the amplitudes A1 and A2 (for m=1 and 2 respectively) dominate
over m=3 and 4, and A3 is important only when A1 is large. A1 denotes the amplitude
for the lopsidedness and is an indicator of mass asymmetry measured with respect to the
constant center (see Section 3.2 of their paper for details). The study of lopsidedness in our
sample galaxies should reveal whether the peaks of the a3/a distribution around non-zero
values in the inner regions of our galaxies can be interpreted as a signature of dynamically
unrelaxed inner regions. Though we do not understand the reason for the occurrence of
peaks at positive values of a3/a in Region 3 and in Region 4, we can say that the processes
which affect isophotal shape are different in the inner and outer regions.
– 23 –
We next look for correlations between the values for various shape parameters for indi-
vidual galaxies, when adjacent radial regions are compared.
Figure 8 shows that there is a strong correlation between the ellipticity parameters in
the innermost Regions 1 and 2 (upper panel). However, there is a significant change going
from Region 2 to Region 3 (lower left); while most of the higher ellipticity galaxies remain
correlated (those with ǫ > 0.3 in Regions 1 and 2), about half of the nearly circular galaxies
become more flattened. The outer most parts (Regions 3 and 4, lower right panel) show
more scatter and fewer galaxies have data in Region 4, but an overall correlation remains.
We show similar diagrams for the shape parameter a4/a in Figure 9. The dominant
feature is a large increase in the scatter of points between Regions 2 and 3, shown in the
lower right panel. The other two plots, for the outer Regions 3 and 4 (upper panel) and the
inner Regions 1 and 2 (lower left) show some correlation between adjacent regions, with few
points populating the top left and bottom right quadrants.
4.3. Are distribution of isophotal parameters statistically different in different
regions?
We performed a two-sample Kolmogorov-Smirnov test (K-S test) to investigate whether
the distribution of a4/a, a3/a and ǫ are same in our four regions. (see Tables 5, 6 and 7).
We used AstroStat4, which uses a public-domain statistical computing package R5 for
statistical analysis, to perform the K-S test, in which the null hypothesis that the two samples
belong to the same parent distribution is tested. The strength of evidence in support of a
null hypothesis is given by probability P in the table. If the P is less than the assumed level
of significance the hypothesis is rejected, where the level of significance is the probability of
making a decision to reject the null hypothesis, when the null hypothesis is true.
We find from the K-S test that the distribution of ǫ in neighboring Regions belongs to
the same parent distribution, as the test is accepted at the 5% level of significance. The
distribution of a4/a and a3/a in Region 2 and Region 3 may not belong to the same parent
distribution, as the test is rejected at the 5% level of significance. The distribution of a4/a
and a3/a parameter in Region 1 and Region 2 are from same parent population, as suggested
by high P-value (=0.86 and 0.61) obtained from the K-S test. Similarly, the distribution of
4http://vo.iucaa.ernet.in/∼voi/AstroStat.html
5http://www.r-project.org/
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Table 5. Results of two sample K-S test for the a4/a parameter
Sample Region 1 Region 2 Region 3 Region 4
D1 P 2 D P D P D P
Hao et al. (2006) 0.15 0.041 0.13 0.038 0.22 5.97e-04 0.29 5.81e-04
Region 1 0.08 0.855 0.25 0.005 0.35 6.41e-04
Region 2 0.21 0.014 0.33 5.44e-04
Region 3 0.16 0.383
1The K-S statistic D is defined as the maximum value of the absolute difference
between two cumulative distribution functions where the cumulative distribution
function is obtained from the list of data points of each sample on which K-S test
is applied.
2P gives the level of significance with which the null hypothesis may be accepted.
Small values of P imply that the cumulative distribution function of two samples
tested are significantly different (see Press et al. 1992). The confidence that
both the population do not belong to the same parent distribution is given by
(1− P )× 100.
Table 6. Results of two sample K-S test for the a3/a parameter
1
Sample Region 1 Region 2 Region 3 Region 4
D P D P D P D P
Hao et al. (2006) 0.30 2.85e-07 0.30 1.65e-09 0.33 1.16e-08 0.44 1.34e-08
Region 1 0.10 0.613 0.21 0.031 0.29 0.007
Region 2 0.19 0.034 0.28 0.005
Region 3 0.19 0.151
1Notation as in table Table 5.
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a4/a and a3/a parameter in Region 3 and Region 4 are same as the test is accepted at the
5% level of significance, though the strength of evidence in support of the null hypothesis is
not as strong as it is for Region 1 and Region 2. The Results of K-S test clearly shows the
discontinuity in the distribution of parameters as we go from Region 2 to Region 3.
4.4. Frequency of boxy and disky ellipticals
Bender et al. (1989) found that ∼ 1/3 of their sample galaxies show boxy isophotes,
∼ 1/3 pointed isophotes and ∼ 1/3 of isophotes have deviation smaller than 0.2% of the
semi-major axis length. The frequency of boxy and disky isophotes in different radial regions
of our sample galaxies is given in Table 8. We find a larger fraction of disky isophotes in
Regions 1 and 2. The diskiness is generally attributed to the presence of a weak edge-on
disk superposed on the spheroidal main body. One of the possible reasons for the increased
fraction of disky isophotes in Region 1 is detection of those weak disks in our sample galaxies
which would not be detected with relatively low SNR images.
The major fraction of our galaxies have either boxy or disky isophotes in their outer
regions: we find that the fraction of near-circular galaxies having | a4/a | ≤ 0.2% is less than
10% in Regions 3 and 4, compared with 25% to 30% in Regions 1 and 2. This is consistent
with the expectation that tidal extensions and other environmental effects are likely to be
stronger in the outer regions as compared to the inner regions of galaxies.
We also find a higher frequency of boxy as compared to disky isophotes in the outer
regions. It has been suggested by Nieto & Bender (1989) that tidal extensions may also cause
pointed isophotes. The higher fraction of boxy isophotes indicates that: (i) the presence of
additional forces along with the tidal extensions; and (ii) that such forces are either more
frequent or more effective in outer regions.
The frequency of disky isophotes is higher in the outer regions of dwarf early-type
galaxies having MB > 17.0 in our sample. The fractions of disky isophotes for such galaxies
in Region 1, Region 2, Region 3 and Region 4 are 1/6, 4/8, 4/6 and 2/2 respectively. The
denominators of above fractions for each region are total number of dwarf early-type galaxies
for which isophotal parameters are available. This higher fraction of disky isophotes in outer
regions from Region 1 to Region 4 observed for dwarf early-type galaxies in our sample is
quite different from the corresponding frequency in different regions when we consider all the
galaxies in the sample. Differences in the environment of the dwarf and luminous early-type
galaxies may explain the observed differences of their isophotal properties, as dwarf elliptical
galaxies are found in high-density regions, either in galaxy clusters or in locations near more
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Table 7. Results of two sample K-S test for the (1− b/a) parameter 1
Sample Region 1 Region 2 Region 3 Region 4
D P D P D P D P
Hao et al. (2006) 0.28 3.31e-06 0.28 3.93e-08 0.20 0.002 0.14 0.30
Region 1 0.11 0.466 0.19 0.068 0.27 0.002
Region 2 0.16 0.098 0.23 0.039
Region 3 0.13 0.574
1Notation as in table Table 5.
Table 8. Frequency of boxy and disky isophotes
Radial bin Region Number of galaxies boxy disky | a4/a | ≤ 0.2%
with data in region
rs - 1.5R50 Region 1 96 25 % 48% 27%
1.5R50 - 3.0R50 Region 2 131 28% 43% 29%
3.0R50 - 4.5R50 Region 3 96 55% 36% 09%
r > 4.5R50 Region 4 52 54% 40% 06%
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massive spiral and elliptical galaxies (Fergusone & Sandage 1989; Van et al. 2004).
4.5. Correlation between isophotal shape and ellipticity
Figure 10 shows plots of a4/a against ellipticity ǫ for galaxies in each of our four radial
regions. Our data are most complete for Region 2; we miss some galaxies in Region 1 when
the ’seeing’ rs > 1.5R50, and from Regions 3 and 4 due to confusion and low S/N. The solid
lines in each panel define a chevron-shaped region within which all galaxies from the sample
of Bender et al. (1989) were found. The dotted lines are extrapolations of these lines to
higher values of ellipticity.
The distributions in Regions 1 and 2 are similar to each other, and most galaxies lie
within the zone defined by Bender et al. (1989). Moreover, our galaxies show the same trend,
with a preponderance of disky isophotes (with positive a4/a) which extend to larger values
as the ellipticity increases. However, we do find some galaxies lying outside Bender et al.
(1989)’s boundaries, in particular a group with boxy isophotes (negatative a4/a) and low
ellipticity in Region 2. We also find some galaxies with large ellipticity (1 − b/a > 0.4) but
with a4/a near zero.
Our data become increasingly incomplete and with larger errors in Regions 3 and 4,
where we have plotted only points with errors less than 0.01 and 0.015 respectively. The
pattern appears similar in the two lower panels of Figure 10, and different from the pattern
in the inner regions, although this may be at least partly due to the increasing errors and
smaller samples.
Overall, the isophote shape data are consistent with the patterns seen in Section 4.4
and clearly indicate that the phenomena responsible for keeping the isophotes close to an
elliptical shape at small radii (of the rounder galaxies) weaken as we go further out along the
radius. Another possibility is that the effects of tidal interaction become more dominant,
to make the isophotes deviate from the elliptical shape. Environmental studies may show
whether this is true.
5. Discussion
5.1. Are projection effects important?
The results obtained by Bender et al. (1989) indicate beyond doubt that the boxiness
or diskiness is an intrinsic property of the early-type galaxies rather than an effect caused
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by projection. This means that the sign of the a4/a parameter is independent of projection
effects, but it is not possible to say how the absolute value of a4/a depends on the viewing
angle. The trend found by Bender et al. (1989) and Hao et al. (2006), that the larger values
of |a4/a| are observed for galaxies which appear more elliptical is consistent, with a few
exceptions, with the results obtained for our sample galaxies in Section 4.5.
5.2. Comparison with N-body simulations
The differences in the properties of boxy and disky elliptical are also supported by
the N-body simulations of major mergers (e.g. Hernquist 1993; Lima Neto & Combes 1995;
Khochfar & Burkert 2005), but some of the findings of N-body simulations are not consistent
with the observations. For example, Stiavelli et al. (1991) and Heyl et al. (1994) analyzed the
isophotal shapes of the remnants from their N-body simulations of dissipationless collapse,
and found that the same object has value of a4 negative or positive depending on the viewing
angle. Similarly, Fabio et al. (1993) have reported that isophotal shape can not discriminate
between the possible origin of the early-type galaxies, at least in the range −1 ≤ a4/a×100 ≤
1 because of the dependence of the shape upon the viewing angle as seen using simulations.
We do not understand the dependence of a4/a parameter on viewing angle found by above
authors which is inconsistent with the observations. In future, the understanding of true
intrinsic shapes of early-type galaxies may elucidate the effect of projection on the value of
a4/a parameter.
N-body merger simulations have been widely used by various researchers to study the
origin of boxy and disky ellipticals. Simulations have been done taking progenitors for the
merger as (i) a combination of galaxies with different morphologies (ii) a combination of
galaxies with different mass ratios. Bournaud et al. (2005) have shown in their Fig. 2, that
a 7:1 merger produces a galaxy with boxy-isophotes in the inner region while the outer region
is highly disky. Such radial variation has also been reported using the analysis of 2MASS
data for the Arp mergers (see Chitre & Jog 2002, Appendix). Similar merger scenarios can
be considered as possible origin of the inner boxy and outer disky isophotes observed in some
of our sample galaxies.
Bournaud et al. (2005) have shown that for a merger with 7:1 mass ratio, outer diskiness
is observed for a 25mag arcsec−2 isophote around 20 kpc from the centre (see their Fig. 2 &
3). In the region ∼ 20− 30 kpc, the surface density falls by a factor of ∼ 80− 100 and for a
constant mass-to-light ratio this corresponds to a ∼ 4 − 5 magnitude difference. The outer
region of Bournaud et al. (2005) corresponds to the Region 4 of most of our sample galaxies,
thus a disk is clearly indicated at such large radii.
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A typical value of a4/a ≃ 0.01 − 0.02 is obtained for the remnants of collisionless N-
body simulations of binary mergers of disk galaxies with mass ratios of 1:1, 2:1, 3:1 and 4:1
(see Nabb & Burkert 2003, Fig. 3), while observations show larger diskiness in early-type
galaxies. For example, observed values a4/a . 0.03 are obtained for the galaxies studied by
Bender et al. (1989), while some of our sample galaxies show larger diskiness (a4/a > 0.03).
Such galaxies are also a part of sample studied by the Hao et al. (2006b, Fig. 1). The origin
of strong diskiness therefore should have a different merger scenario from that studied by
Nabb & Burkert (2003). The galaxies with larger diskiness could well be explained by hybrid
mergers, in mass ratio 4:1-10:1 (Bournaud et al. 2004, 2005). They report a4/a = 0.064±0.01
for mergers with mass ratio 4.5:1 and a4/a ≃ 0.07 for mergers with mass ratio 7:1.
In binary merger scenarios, disky ellipticals are produced by 3:1-4:1 mergers while boxy
ellipticals are product of equal-mass 1:1 mergers (Bournaud et al. 2007). But equal-mass
binary mergers fail to reproduce the most boxy elliptical galaxies, particularly giant ellipticals
(Nabb & Burkert 2003; Nabb & Ostriker 2009). Alternatively, multiple minor mergers can
reproduce boxy ellipticals, where the product of mergers mainly depends on the total merged
mass. When total merged mass increases (≥ 1.6), on average the remnants tend to show
boxy isophotes (see Bournaud et al. 2007, Fig. 5). The merged mass has been defined
in a particular way by authors in their paper: for instance, when the initial galaxy has
merged with 3 companions, each of them having a 5:1 mass ratio, this so-called merged
mass is 1.6 (1.0 for the main initial galaxy and 0.2 for each companion). Figure 11 shows
a plot of a4/a with absolute i-band magnitude for the galaxies with redshift information.
We find that a larger number of galaxies with boxiness have Mi < −19.5, in all regions
along the radius. Since more luminous galaxies will be more massive, the above trend
can be considered similar to the trend observed for boxiness of the remnants of multiple
minor mergers observed by Bournaud et al. (2007), though we do not exactly know the mass
corresponding to Mi < −19.5.
We have tried to compare our observations with the isophotal shapes of the merger
remnants, but it is not in the scope of this paper to trace the merger history of the sample
galaxies on the basis of observed isophotal shapes.
6. Conclusions
In this paper, we have studied the properties of the isophotal shapes of early-type
galaxies (E/SO) to very faint outer regions, well beyond the levels reached by previous
studies of this type. Our study is based on deep 5-color Hale Telescope LFC CCD images
of several fields, originally taken for a different project, that enable us to reach surface
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brightnesses some 4mag arcsec−2 fainter than most similar studies. Here we present the first
results for one 14′ × 25′ field.
We selected target galaxies using the deep LFC i-band image of the field and used
much shallower SDSS imaging data to get basic parameters such as apparent magnitudes
and Petrosian radii for each galaxy. 266 sufficiently large and bright galaxies were selected
for further study, 132 of which were identified as being of early-type on the basis of their
bulge-to-total light ratios. We obtained spectra for over half of this sample using the multi-
fibre system AAOmega on the AAT. These yielded reliable redshifts for 53 of the early-type
galaxies, enabling us to derive their absolute magnitudes and physical sizes.
We fitted a sequence of ellipses to successive isophotes in the deep LFC images and
derived a range of isophotal shape parameters that measure their ellipticity and orientation,
and also higher order departures from a purely elliptical shape. We then derive mean values
for these parameters in four radial bins along the semi major axis of each galaxy. We find
empirical fitting formulae for the probability distribution of the different isophotal parameters
in each bin, which will be useful for comparison with theoretical studies, e.g. from N-body
simulations.
Finally, we have investigated possible correlations of isophotal shape parameters with
other global properties of the galaxies, and inspected whether the correlations change along
the radius. We find that the isophotal shapes of the inner regions of our sample of galaxies are
statistically different from the isophotal shapes observed in the outer regions. In the central
regions we see patterns similar to those seen in previous studies of nearby galaxies, with
some galaxies showing ’boxy’ isophotes while others appear ’disky’. However, the pattern
seen in the inner region of each galaxy tends to change as the radius increases, suggesting
that while the inner parts of the galaxies are coherent and presumably the result of specific
dynamical processes, at larger radii the shapes and orientations of the isophotes change and
the behavior is not well-defined. This may indicate effects from the formation and evolution
of each galaxy which are not yet fully relaxed. However, for a full analysis of these data
we need to know the distances to the galaxies so that we can derive their luminosities,
actual sizes and other physical parameters. We hope to obtain fibre spectra for many more
galaxies to do this, preferably with one of the new Integral Field Unit (IFU) systems that
would avoid the effects of ’aperture bias’ that arise in single fibre spectra, and enable us to
compare galaxies at very different redshifts.”
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A. Estimation of surface brightness limit with LFC image as compared to the
SDSS image
Following is the estimation of how far in the surface brightness we can go with LFC
images as compared to SDSS images assuming the poison statistics.
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The number of source and background photons collected in t seconds using a telescope
of diameter D is
Ns = nsD
2t
Nb = nbD
2t (A1)
where ns and nb are rates of photons received in unit area from source and the background.
Signal-to-noise ratio (SNR) for an extended source which spans a solid angle Ω can be given
as
Ns
σs
=
ns (ΩD
2t)
1
2
√
ns + 2nb
(A2)
For ns ≪ nb, the above equation becomes
Ns
σs
=
ns (ΩD
2t)
1
2
√
2nb
(A3)
The SNR will increase by factor of
√
P , if the source intensity is obtained by averaging
intensity in P number of pixels,
SNRav =
Ns
√
P
σs
(A4)
In ellipse fitting task to get the average intensity of an isophotes the intensity is averaged
in elliptical annulus along the fitted ellipse. The output table of ellipse gives parameters
INTENS and INT ERR. Where the INTENS is the mean intensity along the fitted ellipse
and the INT ERR is the total error in the intensity. We can write
INTENS
INT ERR
=
Ns
√
P
σs
(A5)
If the isophotes in two different images have same INTENS
INT ERR
then
ns1 (P1Ω1D
2
1t1)
1
2
√
2nb1
=
ns2 (P2Ω2D
2
2t2)
1
2
√
2nb2
(A6)
The difference in surface brightness of isophotes (µs1 − µs2) with same INTENSINT ERR in two
different images can be given as
µs1 − µs2 = 1
2
[
µb1 − µb2 − 2.5log
[(
D2
D1
)2(
t2
t1
)(
Ω2
Ω1
)(
P2
P1
)]]
(A7)
The ellipse is fitted till INTENS
INT ERR
drops to 3 to derive surface brightness profiles in the
images of SDSS and LFC (see Figure 1 as an example). Putting Values for SDSS image:
D1=2.5m, t1=54s, P1=72 pixels, µb1 = 20.3mag arcsec
−2 and for LFC image: D1=5m,
t1=9065s, P1=184 pixels, µb1 = 20.2mag arcsec
−2, in Equation A7 we expect to go minimum
of ∼ 4mag arcsec−2 deeper in the LFC image as compared to the SDSS image.
– 33 –
REFERENCES
Abazajian, K. N., Adelman-McCarthy, J. K., Agu¨eros, M. A., et al. 2009, ApJS, 182, 543
Bailey J. A. et al., 2004, The 2DFDR Data Reduction System Users Manual. AAO
(http://www.aao.gov.au/AAO/2dF/manual.html)
Bender, R., Do¨bereiner, S., Mo¨llenhoff, C. 1988, A&AS, 74, 385
Bender, R., Surma, P., Do¨bereiner, S., Mo¨llenhoff, C., Madejsky, R. 1989, A&A, 217, 35
Bertin, E. & Arnouts, S. 1996, A&AS, 117, 393
Blanton, M.R. et al. 2005, AJ, 129, 2562
Blanton, M.R. & Roweis, S. 2007, AJ, 133, 734
van den Bosch, F. C. 1994, AJ, 108, 1579
Bournaud, F., Combes F., Jog, C. J. 2004, A&A, 418, 27
Bournaud, F., Jog, C. J., Combes F. 2005, A&A, 437, 69
Bournaud, F., Jog, C. J., Combes F. 2007, A&A, 476, 1179
Busko, I. C. 1996, in Astronomical Society of the Pacific Conference Series, Vol. 101, As-
tronomical Data Analysis Software and Systems V, ed. G. H. Jacoby & J. Barnes,
139
Cannon, R. D., et al. 2006, MNRAS, 372, 425
Capaccioli, M., Piotto, G., Rampazzo, R., 1988, AJ, 96, 487
Chitre, A & Jog, C. J. 2002, A&A, 388, 407
Fabio G., Luca, R., Roberto, R. 1993, MNRAS, 261, 379
Ferguson, H. C., & Sandage, A. 1989, ApJ, 346, L53
Ferrarese, L., van den Bosch, F.C., Ford, H.C., Jaffe, W., O’Connell, R.W. 1994, AJ, 108,
1598
Freeman, K. C. 1970, ApJ, 160, 811
Hao, C.N., Mao, S., Deng, Z.G., Xia, X.Y., Wu, H. 2006, MNRAS, 370, 1339
– 34 –
Hao, C.N., Mao, S., Deng, Z.G., Xia, X.Y., Wu, H. 2006, MNRAS, 373, 1264
Hernquist, L. 1993, ApJ, 409, 548
Heyl, J.S., Hernquist, L., Spergel, D.N. 1994 ApJ, 427, 165
Jedrzejewski, R. 1987, MNRAS, 226, 747
Jog, C. J., & Maybhate, A. 2006, MNRAS, 370, 891
Khochfar, S., & Burkert A. 2005, MNRAS, 341, 33
Lauer, T. R. 2005, AJ, 129, 2138
Lima Neto, G. B., & Combes, F. 1995, A&A, 294, 657
Mahabal, A. et al. 2005, ApJ, 634, L9
Malin, D. & Carter, D., 1980, Nature, 285, 643
Milvang-Jensen B., Jørgensen I. 1999, Baltic Astronomy, 8, 535
Miszalski et al. 2006, MNRAS, 371, 1537
Naab, T., Burkert, A., Hernquist, L. 1999, ApJ, 523, L133
Naab, T.,& Burkert, A. 2003, ApJ, 597, 893
Naab, T., Khochfar, S., & Burkert, A. 2006, ApJ, 636, L81
Naab, T., & Ostriker, J. P. 2009, ApJ, 690, 1452
Nieto J. L. & Bender R. 1989, A&A, 215, 266
Pasquali A., van den, Bosch, F. C., Rix, H. -W. 2007, ApJ, 664, 738
Peng, C. Y., et al. 2002, AJ, 124, 266
Poggianti, B. M. 1997, A&AS, 122, 399
Press, W.H., Teukolsky, S.A., Vetterling, W.T., & Flannery, B.P. 1992, Numerical Recipes
in Fortran (Cambridge: Cambridge University Press), p. 614
Quinn, P. 1984, ApJ, 279, 596
Rawat, A., et al. 2007, A&A, 496, 483
– 35 –
Rest, A. 2001, AJ, 121, 2431
Ryden, B. S., Forbes, D. A., Terlevich, A. I. 2001, MNRAS, 326, 1141
Saunders, W., Bridges, T., Gillingham, P., et al. 2004, Proc. SPIE, 5492, 389
Schlegel, D. J., Finkbeiner, D. P., & Davis, M., 1998, ApJ, 500, 525
Sersic, J. L. 1968, Atlas de Galaxias Australes (Cordoba: Obs. Astron, Univ. Nac. Cordoba)
Smith, J. A. et al. 2002, AJ123, 2121
Stiavelli, M., Londrillo, P., Messina, A. 1991, MNRAS, 251, 57
Tremblay, G. R. et al. 2007, ApJ, 666, 109
Van Zee L., Skillman E. D., Haynes M. P. 2004, AJ, 128, 121
Vincent, R. A. & Ryden B. S. 2005, ApJ, 623, 137
This preprint was prepared with the AAS LATEX macros v5.2.
– 36 –
Fig. 5.— Distribution of ellipticity ǫ = (1 − b/a), in different regions. The dashed lines are
the best fitted Gaussian distributions with baseline (see text and Table 4). The dotted curve
in Region 1 is the best fit Gaussian to the ellipticity distribution obtained by Hao et al.
(2006) for their sample. The error bars indicate 1σ Poisson errors.
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Fig. 6.— Distribution of a4/a parameters, in different regions. The dashed lines are best
fitted single or double Gaussians, (see text and Table 3). The dotted curve in Region 1 is
the best fit Gaussian to the a4/a distribution obtained by Hao et al. (2006) for their sample.
The error bars indicate 1σ Poisson errors.
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Fig. 7.— Distribution of a3/a parameters, in different regions. The dashed lines are best
fitted single or double Gaussians (see text and Table 4). The dotted curve in Region 1 is
the best fit Gaussian to the a3/a distribution obtained by Hao et al. (2006) for their sample.
The error bars indicate 1σ Poisson errors.
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Fig. 8.— Correlation of ellipticity (ǫ = 1 − b/a) parameters from neighboring regions. The
median error bars are shown at the the top right-hand corner in each pannel.
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Fig. 9.— The correlation of a4/a parameters from neighboring regions. The error bars are
as in Figure 8.
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Fig. 10.— Isophote shape parameter a4/a plotted against ellipticity, in the four radial re-
gions. In Regions 3 and 4 we omit galaxies with errors σ(a4/a) > 0.01 and 0.015 respectively,
for clarity. Bender et al. (1989) found that their galaxies lay within the chevron-shaped re-
gion between the pairs of solid diagonal lines.
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Fig. 11.— Isophotal shape parameter a4/a plotted against absolute Petrosian i magnitude.
–
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Table 9. Basic parameters of the sample galaxies
Our ID SDSS ID RA Dec u g r i z R50 sma µi SNR
mag mag mag mag mag arcsec arcsec mag arcsec−2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
LFC 462 588848899913548358 182.02545140 -0.00014042 21.50 ± 0.43 21.06 ± 0.13 20.55 ± 0.13 20.57 ± 0.21 19.96 ± 0.43 1.07 ± 0.16 3.81 26.36 ± 0.06 17.25
LFC 525 587748929241612656 182.10068456 0.00579127 22.48 ± 1.58 20.76 ± 0.09 20.42 ± 0.10 20.13 ± 0.12 20.74 ± 0.95 1.10 ± 0.11 3.81 26.06 ± 0.04 26.07
LFC 554 587748929241547219 181.99182097 0.00889758 22.09 ± 1.04 21.89 ± 0.24 21.11 ± 0.18 19.90 ± 0.09 19.67 ± 0.34 1.28 ± 0.07 3.81 26.67 ± 0.08 12.50
LFC 558 587748929241547253 181.99959155 0.01032991 26.27 ± 2.14 21.73 ± 0.24 20.20 ± 0.09 19.44 ± 0.07 19.05 ± 0.21 1.01 ± 0.07 5.11 26.58 ± 0.10 10.06
LFC 622 587748929241546923 182.03581581 0.01761600 20.79 ± 0.41 19.26 ± 0.03 18.16 ± 0.02 17.70 ± 0.02 17.33 ± 0.06 1.38 ± 0.02 10.11 27.21 ± 0.09 11.88
LFC 633 587748929241547046 182.04195384 0.01802068 20.48 ± 0.30 20.09 ± 0.06 19.51 ± 0.05 19.11 ± 0.05 19.21 ± 0.28 1.26 ± 0.05 8.32 27.18 ± 0.08 13.77
LFC 663 587748929241612845 182.17111251 0.01778466 21.46 ± 0.60 21.97 ± 0.26 20.89 ± 0.15 20.06 ± 0.10 19.19 ± 0.22 1.14 ± 0.08 3.81 25.90 ± 0.05 23.48
LFC 677 587748929241547621 181.99102394 0.02035316 19.94 ± 0.20 22.14 ± 0.42 20.94 ± 0.16 20.98 ± 0.33 22.79 ± 4.34 0.80 ± 0.17 5.36 27.64 ± 0.19 5.11
LFC 725 587722983351583067 182.01578218 0.02274361 25.14 ± 4.14 21.58 ± 0.27 20.82 ± 0.13 20.75 ± 0.30 20.12 ± 0.77 1.32 ± 0.37 3.81 26.65 ± 0.12 8.92
LFC 741 587748929241547216 181.99078515 0.02434438 21.46 ± 0.57 21.65 ± 0.19 20.74 ± 0.12 20.19 ± 0.12 19.80 ± 0.36 0.97 ± 0.09 4.86 27.60 ± 0.21 4.73
LFC 824 587748929241547430 182.05600812 0.03170720 23.94 ± 10.03 23.14 ± 2.52 20.28 ± 0.18 20.44 ± 0.65 19.60 ± 0.78 0.74 ± 0.33 3.81 25.93 ± 0.04 28.48
LFC 848 587748929241547282 182.00945210 0.03522617 22.05 ± 1.24 20.93 ± 0.14 20.26 ± 0.11 20.13 ± 0.17 19.63 ± 0.39 1.00 ± 0.12 3.81 26.89 ± 0.09 11.38
LFC 925 587748929241612771 182.14531708 0.03984272 21.09 ± 0.52 21.00 ± 0.13 20.09 ± 0.07 19.76 ± 0.09 19.08 ± 0.24 1.27 ± 0.07 3.81 26.10 ± 0.05 21.72
LFC 954 587748929241612750 182.13801353 0.04149656 24.88 ± 5.75 23.04 ± 0.87 20.93 ± 0.17 20.11 ± 0.14 20.28 ± 0.78 1.06 ± 0.15 3.63 26.12 ± 0.08 12.67
LFC 985 587748929241547693 182.03813760 0.04718642 25.96 ± 2.24 25.08 ± 1.99 20.94 ± 0.14 19.70 ± 0.08 19.39 ± 0.25 1.21 ± 0.10 6.21 28.07 ± 0.20 4.93
LFC 988 587748929241547668 182.02239309 0.04442920 23.62 ± 2.84 22.52 ± 0.36 21.55 ± 0.20 20.59 ± 0.13 20.09 ± 0.37 0.79 ± 0.09 3.81 26.41 ± 0.06 18.00
LFC 1013 587748929241547396 182.04304159 0.04740958 21.50 ± 0.78 21.27 ± 0.18 20.58 ± 0.11 20.18 ± 0.15 19.32 ± 0.32 1.36 ± 0.22 3.81 25.31 ± 0.02 61.15
LFC 1039 587748929241612867 182.17918290 0.04867795 22.04 ± 1.41 21.40 ± 0.21 20.46 ± 0.10 20.72 ± 0.26 22.75 ± 4.14 0.93 ± 0.17 5.91 27.94 ± 0.24 4.04
LFC 1042 587748929241547353 182.02923093 0.04940430 23.60 ± 2.57 22.65 ± 0.35 21.28 ± 0.15 20.49 ± 0.11 20.85 ± 0.70 0.77 ± 0.07 4.86 26.97 ± 0.11 9.38
LFC 1044 587748929241546926 182.04119522 0.05269923 21.45 ± 0.79 19.67 ± 0.04 19.09 ± 0.04 18.87 ± 0.05 18.40 ± 0.15 1.40 ± 0.06 8.74 28.13 ± 0.24 3.96
LFC 1056 587748929241612449 182.15112952 0.05083776 21.45 ± 0.69 19.87 ± 0.04 19.31 ± 0.04 19.01 ± 0.05 19.04 ± 0.23 1.20 ± 0.05 7.92 27.60 ± 0.12 8.37
LFC 1091 587748929241547628 181.99519742 0.05510190 24.95 ± 7.55 22.85 ± 0.91 20.78 ± 0.13 20.12 ± 0.17 19.46 ± 0.45 1.02 ± 0.16 5.11 27.28 ± 0.15 6.76
LFC 1124 587748929241547307 182.01715327 0.05830780 25.45 ± 2.61 22.96 ± 0.45 21.02 ± 0.12 19.92 ± 0.06 19.36 ± 0.18 0.91 ± 0.04 3.81 26.17 ± 0.04 23.85
LFC 1204 587748929241612881 182.18147441 0.07250930 21.71 ± 0.83 22.33 ± 0.41 20.33 ± 0.11 19.78 ± 0.10 19.52 ± 0.33 1.37 ± 0.14 6.21 28.01 ± 0.30 3.08
LFC 1239 587748929241612532 182.10134588 0.06863121 23.23 ± 2.07 20.65 ± 0.06 19.37 ± 0.03 18.94 ± 0.03 18.88 ± 0.13 0.74 ± 0.02 6.52 26.94 ± 0.08 12.72
LFC 1263 587748929241547309 182.01728221 0.06837554 21.55 ± 0.42 22.33 ± 0.24 21.41 ± 0.16 20.89 ± 0.14 21.69 ± 1.29 0.78 ± 0.07 3.63 26.63 ± 0.10 10.34
LFC 1273 587748929241612910 182.18810764 0.06914050 21.82 ± 0.53 21.66 ± 0.13 20.84 ± 0.09 20.17 ± 0.07 20.00 ± 0.30 0.87 ± 0.05 3.81 27.01 ± 0.12 8.71
LFC 1308 587748929241612921 182.19052619 0.07268490 22.26 ± 1.23 21.19 ± 0.13 20.13 ± 0.07 19.72 ± 0.08 19.09 ± 0.20 1.06 ± 0.06 4.63 26.72 ± 0.10 10.47
LFC 1369 587748929241612903 182.18741821 0.07738771 21.31 ± 0.52 21.93 ± 0.25 21.04 ± 0.17 20.26 ± 0.12 19.98 ± 0.46 1.06 ± 0.09 3.81 26.61 ± 0.07 14.24
LFC 1385 587748929241612551 182.19799673 0.08086235 22.12 ± 0.99 20.31 ± 0.07 19.38 ± 0.05 18.93 ± 0.05 18.77 ± 0.14 0.97 ± 0.05 3.81 24.98 ± 0.02 58.15
LFC 1411 587748929241612876 182.18108286 0.08007677 21.93 ± 0.92 21.36 ± 0.15 20.44 ± 0.10 20.25 ± 0.12 20.21 ± 0.56 1.02 ± 0.09 3.81 27.26 ± 0.17 6.08
LFC 1437 587748929241547418 182.04924891 0.08279051 25.63 ± 3.39 21.95 ± 0.25 21.11 ± 0.17 20.90 ± 0.24 20.20 ± 0.53 0.86 ± 0.15 3.81 26.67 ± 0.08 13.20
LFC 1456 587748929241547286 182.01007203 0.08412366 23.59 ± 3.40 22.08 ± 0.27 20.79 ± 0.14 20.04 ± 0.10 19.17 ± 0.21 0.93 ± 0.08 3.81 26.48 ± 0.06 16.67
–
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LFC 1459 587748929241612905 182.18630107 0.08511143 21.18 ± 0.51 21.35 ± 0.16 20.11 ± 0.07 19.73 ± 0.08 19.40 ± 0.29 1.21 ± 0.06 5.63 27.34 ± 0.18 5.42
LFC 1477 587748929241547320 182.01899895 0.08676666 21.03 ± 0.65 21.94 ± 0.35 20.21 ± 0.16 19.80 ± 0.11 19.14 ± 0.33 0.88 ± 0.08 4.86 26.31 ± 0.06 18.05
LFC 1494 587748929241612543 182.17507521 0.09046209 21.11 ± 0.47 20.55 ± 0.08 19.18 ± 0.04 18.51 ± 0.03 18.37 ± 0.11 1.28 ± 0.04 8.32 27.77 ± 0.12 8.55
LFC 1504 587748929241547195 181.98419233 0.08973886 23.10 ± 2.57 21.93 ± 0.26 20.63 ± 0.11 19.91 ± 0.09 20.17 ± 0.62 1.20 ± 0.08 6.52 26.93 ± 0.11 9.63
LFC 1511 587748929241547302 182.01602958 0.08979034 26.57 ± 1.53 22.25 ± 0.33 20.56 ± 0.11 20.17 ± 0.11 19.56 ± 0.31 0.93 ± 0.09 3.81 26.32 ± 0.05 23.49
LFC 1551 587748929241547404 182.04500046 0.09409627 20.81 ± 0.78 21.24 ± 0.32 20.14 ± 0.12 19.85 ± 0.20 18.59 ± 0.31 0.94 ± 0.18 3.81 25.60 ± 0.02 43.11
LFC 1585 587748929241612761 182.14289349 0.09547315 22.05 ± 0.81 21.58 ± 0.14 20.69 ± 0.09 20.09 ± 0.08 19.85 ± 0.40 0.82 ± 0.06 5.63 27.69 ± 0.16 6.40
LFC 1613 587748929241547377 182.03746603 0.09821770 21.68 ± 1.12 21.27 ± 0.21 20.67 ± 0.12 20.87 ± 0.33 20.90 ± 1.63 1.13 ± 0.25 5.36 28.04 ± 0.23 4.28
LFC 1628 587748929241612919 182.18963699 0.09910967 24.48 ± 5.72 21.73 ± 0.19 20.51 ± 0.09 19.86 ± 0.07 19.42 ± 0.24 0.97 ± 0.07 5.63 27.39 ± 0.18 5.64
LFC 1706 587748929241612709 182.12320511 0.10650842 24.18 ± 3.92 23.39 ± 0.76 20.93 ± 0.12 20.13 ± 0.09 20.30 ± 0.60 0.90 ± 0.07 5.63 26.75 ± 0.07 16.20
LFC 1739 587748929241612891 182.18384505 0.11087826 26.47 ± 1.33 22.02 ± 0.22 21.10 ± 0.15 20.35 ± 0.11 19.66 ± 0.30 0.86 ± 0.08 5.11 26.04 ± 0.06 16.67
LFC 1744 587748929241547049 182.06298264 0.11056218 21.95 ± 0.99 20.71 ± 0.09 19.81 ± 0.05 19.53 ± 0.08 18.83 ± 0.17 0.94 ± 0.05 3.81 25.83 ± 0.04 30.08
LFC 1772 587748929241547462 182.06821754 0.11339061 23.42 ± 3.70 20.71 ± 0.10 19.79 ± 0.05 19.59 ± 0.08 19.42 ± 0.32 1.12 ± 0.06 5.63 27.68 ± 0.18 5.43
LFC 1798 587748929241612610 182.16715984 0.11586897 21.00 ± 0.38 20.47 ± 0.06 19.98 ± 0.06 19.77 ± 0.08 19.56 ± 0.30 1.02 ± 0.06 5.36 28.49 ± 0.28 3.40
LFC 1802 587748929241612895 182.18515053 0.11669885 21.57 ± 0.67 20.50 ± 0.07 19.67 ± 0.05 19.36 ± 0.05 19.45 ± 0.28 1.08 ± 0.04 5.91 27.19 ± 0.12 8.38
LFC 1830 587748929241547045 182.04016040 0.12016220 21.76 ± 0.68 20.99 ± 0.09 19.96 ± 0.06 19.42 ± 0.05 19.14 ± 0.19 1.04 ± 0.05 5.91 27.23 ± 0.11 9.62
LFC 1833 587748929241547455 182.06517945 0.11903479 23.35 ± 2.54 22.03 ± 0.21 20.70 ± 0.10 20.35 ± 0.10 20.31 ± 0.48 0.77 ± 0.07 4.86 27.64 ± 0.11 9.29
LFC 1971 587748929241547674 182.02519253 0.13278430 22.90 ± 1.99 22.04 ± 0.28 21.12 ± 0.17 20.53 ± 0.15 19.57 ± 0.31 0.66 ± 0.09 5.63 28.08 ± 0.26 3.66
LFC 2007 587748929241547359 182.03063126 0.14040632 24.52 ± 7.77 21.46 ± 0.32 20.35 ± 0.25 19.83 ± 0.12 20.85 ± 2.04 0.83 ± 0.09 7.92 28.17 ± 0.17 5.92
LFC 2047 587748929241612936 182.19391201 0.14196037 22.08 ± 0.93 21.90 ± 0.23 20.46 ± 0.10 19.97 ± 0.08 19.54 ± 0.26 0.75 ± 0.05 5.11 27.76 ± 0.30 3.16
LFC 2106 587748929241612899 182.18552998 0.14664479 27.98 ± 1.83 21.63 ± 0.28 20.63 ± 0.13 20.10 ± 0.16 19.63 ± 0.52 1.33 ± 0.20 5.36 27.14 ± 0.14 7.49
LFC 2137 587748929241546927 182.04266233 0.14889641 20.96 ± 0.34 20.66 ± 0.07 20.24 ± 0.07 20.03 ± 0.07 20.16 ± 0.35 0.61 ± 0.04 3.81 26.65 ± 0.06 17.55
LFC 2159 587748929241547409 182.04708114 0.15187851 22.36 ± 1.68 21.56 ± 0.28 20.29 ± 0.09 19.78 ± 0.11 18.61 ± 0.18 0.99 ± 0.11 3.81 25.62 ± 0.03 37.61
LFC 2168 587748929241612454 182.16358958 0.15352032 21.00 ± 0.40 20.15 ± 0.05 19.54 ± 0.04 19.49 ± 0.06 19.31 ± 0.25 1.00 ± 0.05 3.81 25.96 ± 0.04 24.24
LFC 2177 587748929241547507 182.08226764 0.15471892 22.08 ± 1.34 20.84 ± 0.12 19.97 ± 0.07 19.96 ± 0.13 19.54 ± 0.39 1.08 ± 0.10 5.11 28.43 ± 0.23 4.22
LFC 2180 587748929241547188 181.97941963 0.15379342 21.97 ± 0.69 22.41 ± 0.29 21.77 ± 0.21 20.80 ± 0.13 19.94 ± 0.28 0.59 ± 0.06 3.59 26.97 ± 0.12 8.30
LFC 2181 587748929241612453 182.16386495 0.15506499 21.58 ± 0.57 20.25 ± 0.05 19.37 ± 0.03 19.02 ± 0.03 18.70 ± 0.12 0.86 ± 0.02 5.11 26.96 ± 0.09 11.76
LFC 2184 587748929241612341 182.11871678 0.16356295 18.04 ± 0.03 17.31 ± 0.01 17.11 ± 0.01 16.93 ± 0.01 16.88 ± 0.03 1.31 ± 0.01 11.15 25.75 ± 0.03 33.51
LFC 2310 587748929241547399 182.04442289 0.16755119 20.52 ± 0.43 20.35 ± 0.17 19.94 ± 0.55 19.79 ± 0.13 19.41 ± 0.44 0.96 ± 0.10 3.81 25.45 ± 0.03 32.83
LFC 2356 587748929241547486 182.07664357 0.17104016 22.10 ± 1.53 20.71 ± 0.12 20.30 ± 0.13 20.20 ± 0.17 19.85 ± 0.58 1.89 ± 0.25 3.81 25.13 ± 0.03 40.57
LFC 2362 587748929241547626 181.99416213 0.17046575 22.15 ± 1.73 22.37 ± 0.59 20.67 ± 0.12 19.92 ± 0.14 19.45 ± 0.44 1.31 ± 0.20 6.85 26.83 ± 0.11 9.03
LFC 2405 587748929241613208 182.15466470 0.17100824 26.50 ± 1.57 22.87 ± 0.58 21.57 ± 0.28 21.33 ± 0.32 20.20 ± 0.55 0.83 ± 0.22 3.46 28.01 ± 0.22 4.38
LFC 2414 587748929241546910 181.99490346 0.18396374 20.68 ± 0.38 19.61 ± 0.05 18.21 ± 0.03 17.72 ± 0.02 17.37 ± 0.06 1.35 ± 0.03 8.74 25.84 ± 0.04 27.76
–
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LFC 2422 587748929241612668 182.10793716 0.17687606 20.75 ± 0.49 19.90 ± 0.06 19.04 ± 0.03 18.60 ± 0.04 18.48 ± 0.18 1.82 ± 0.06 7.92 27.81 ± 0.13 7.88
LFC 2428 587748929241547039 182.03013212 0.17461684 25.92 ± 1.46 22.34 ± 0.19 21.19 ± 0.10 19.69 ± 0.04 18.87 ± 0.09 0.54 ± 0.02 5.36 26.70 ± 0.08 13.36
LFC 2472 587748929241612659 182.10234586 0.17914356 21.40 ± 0.55 21.13 ± 0.13 20.52 ± 0.11 20.15 ± 0.11 20.24 ± 0.57 1.41 ± 0.13 5.91 27.55 ± 0.22 4.38
LFC 2484 587748929241547440 182.05873627 0.17810661 20.71 ± 0.36 22.28 ± 0.40 20.69 ± 0.12 20.49 ± 0.17 20.73 ± 1.01 1.13 ± 0.14 4.41 28.26 ± 0.24 4.04
LFC 2503 587748929241547511 182.08428361 0.18036137 23.00 ± 1.28 22.84 ± 0.34 21.08 ± 0.11 20.27 ± 0.09 19.85 ± 0.23 0.83 ± 0.07 3.81 26.85 ± 0.08 13.58
LFC 2525 587748929241547315 182.01837362 0.18344027 22.20 ± 1.23 20.92 ± 0.11 20.26 ± 0.08 19.82 ± 0.09 20.03 ± 0.53 1.19 ± 0.09 3.81 26.06 ± 0.05 22.36
LFC 2539 587748929241547269 182.00438914 0.18432531 26.32 ± 1.18 22.34 ± 0.22 21.27 ± 0.13 20.45 ± 0.09 19.76 ± 0.22 0.81 ± 0.06 5.63 27.64 ± 0.15 6.55
LFC 2549 587748929241546928 182.04320837 0.18859279 20.21 ± 0.22 18.89 ± 0.02 18.09 ± 0.02 17.64 ± 0.01 17.40 ± 0.05 1.31 ± 0.02 9.63 27.12 ± 0.06 16.47
LFC 2568 587748929241612858 182.17630849 0.18495157 24.50 ± 4.10 21.48 ± 0.14 21.09 ± 0.16 20.41 ± 0.12 19.71 ± 0.29 1.06 ± 0.11 5.36 27.25 ± 0.11 9.23
LFC 2670 587748929241612781 182.14898514 0.19436667 23.89 ± 6.65 22.23 ± 0.44 20.71 ± 0.20 20.29 ± 0.17 19.74 ± 0.50 0.75 ± 0.11 3.81 26.77 ± 0.09 11.58
LFC 2692 587748929241547532 182.09162759 0.19664383 24.68 ± 4.77 21.14 ± 0.12 21.01 ± 0.17 21.05 ± 0.24 19.75 ± 0.36 1.00 ± 0.17 5.11 27.37 ± 0.24 4.08
LFC 2708 587748929241547280 182.00910743 0.19776933 26.73 ± 1.03 21.80 ± 0.16 20.52 ± 0.08 20.10 ± 0.08 21.97 ± 1.89 0.75 ± 0.05 3.81 26.39 ± 0.05 20.79
LFC 2709 587748929241612925 182.19123671 0.19795675 24.51 ± 3.69 22.14 ± 0.23 20.85 ± 0.12 20.18 ± 0.09 19.76 ± 0.28 0.78 ± 0.06 3.81 25.70 ± 0.05 22.75
LFC 2712 587748929241612471 182.18709793 0.20407222 21.26 ± 0.78 19.86 ± 0.08 18.79 ± 0.04 18.14 ± 0.05 17.60 ± 0.08 1.39 ± 0.08 7.55 25.39 ± 0.04 30.05
LFC 2719 587748929241612769 182.14348570 0.19877962 24.50 ± 4.44 22.34 ± 0.35 20.95 ± 0.17 20.52 ± 0.15 20.23 ± 0.50 0.95 ± 0.11 3.81 27.05 ± 0.11 9.11
LFC 2742 587748929241612470 182.18678466 0.20596149 19.62 ± 0.14 18.02 ± 0.01 17.17 ± 0.02 16.79 ± 0.02 16.45 ± 0.02 1.24 ± 0.03 11.15 25.05 ± 0.02 59.45
LFC 2782 588848900450418897 182.01556827 0.22315591 20.44 ± 0.26 19.21 ± 0.04 18.38 ± 0.03 17.87 ± 0.02 17.52 ± 0.08 2.01 ± 0.04 13.55 28.52 ± 0.20 4.99
LFC 2888 588848900450419376 182.06715352 0.21196476 23.59 ± 3.18 23.82 ± 1.29 21.21 ± 0.19 20.15 ± 0.13 19.29 ± 0.33 0.84 ± 0.11 3.81 26.25 ± 0.06 18.33
LFC 2955 588848900450484623 182.08566267 0.21663913 22.38 ± 0.65 21.54 ± 0.16 20.99 ± 0.12 20.47 ± 0.15 19.80 ± 0.28 0.82 ± 0.10 3.81 26.55 ± 0.05 20.26
LFC 2956 588848900450419362 182.06338063 0.21748981 23.25 ± 2.07 21.31 ± 0.16 20.57 ± 0.11 20.52 ± 0.19 19.32 ± 0.32 1.11 ± 0.14 3.81 26.46 ± 0.06 17.83
LFC 2988 588848900450484751 182.13663014 0.22157991 26.55 ± 1.12 22.48 ± 0.53 20.63 ± 0.15 19.70 ± 0.09 19.08 ± 0.28 1.27 ± 0.12 7.19 26.95 ± 0.08 13.64
LFC 3026 588848900450484758 182.13895296 0.22402556 26.28 ± 1.67 22.85 ± 0.59 21.00 ± 0.19 20.21 ± 0.19 19.70 ± 0.39 0.78 ± 0.15 5.36 27.44 ± 0.11 9.25
LFC 3072 588848900450484662 182.10294332 0.22805954 21.50 ± 0.39 22.40 ± 0.37 20.89 ± 0.15 20.51 ± 0.15 19.93 ± 0.41 0.97 ± 0.10 5.11 27.97 ± 0.22 4.54
LFC 3087 588848900450484864 182.17419997 0.22893448 23.65 ± 1.73 22.38 ± 0.26 21.13 ± 0.13 20.30 ± 0.09 19.55 ± 0.24 0.69 ± 0.05 4.41 27.32 ± 0.11 8.99
LFC 3094 588848900450418890 182.00116203 0.23227463 20.82 ± 0.26 20.15 ± 0.06 19.29 ± 0.04 19.05 ± 0.05 18.67 ± 0.17 1.24 ± 0.05 7.55 27.37 ± 0.10 10.48
LFC 3218 588848900450484539 182.09789162 0.23898822 21.86 ± 0.31 21.46 ± 0.09 20.78 ± 0.08 20.44 ± 0.09 20.29 ± 0.34 0.67 ± 0.04 4.63 27.67 ± 0.13 7.88
LFC 3274 588848900450484773 182.14357751 0.24490338 21.82 ± 0.47 21.58 ± 0.16 21.08 ± 0.16 20.56 ± 0.15 20.74 ± 0.80 1.36 ± 0.17 3.63 25.77 ± 0.11 9.55
LFC 3292 588848900450484557 182.15192415 0.24670492 21.31 ± 0.33 20.42 ± 0.06 19.98 ± 0.06 19.69 ± 0.07 19.74 ± 0.36 1.24 ± 0.10 6.21 26.98 ± 0.09 11.08
LFC 3329 588848900450484918 182.19474230 0.25043169 27.50 ± 0.44 22.27 ± 0.30 20.34 ± 0.08 19.68 ± 0.07 19.30 ± 0.21 0.86 ± 0.05 6.85 27.61 ± 0.17 5.88
LFC 3359 588848900450419242 182.01818845 0.25293238 21.98 ± 0.54 21.39 ± 0.14 20.70 ± 0.11 20.34 ± 0.12 19.74 ± 0.32 0.96 ± 0.08 4.41 27.50 ± 0.13 8.17
LFC 3381 588848900450484813 182.15539392 0.25472036 22.21 ± 0.60 22.16 ± 0.23 20.74 ± 0.10 19.97 ± 0.08 19.86 ± 0.31 0.98 ± 0.07 5.11 27.66 ± 0.18 5.51
LFC 3395 588848900450484512 182.15216700 0.25594856 22.38 ± 0.73 22.47 ± 0.28 20.83 ± 0.10 19.98 ± 0.07 19.37 ± 0.22 0.69 ± 0.04 5.36 28.11 ± 0.26 3.62
LFC 3423 588848900450419145 181.97726239 0.25980512 22.49 ± 0.94 22.29 ± 0.33 20.67 ± 0.11 20.10 ± 0.12 19.32 ± 0.28 0.99 ± 0.09 4.58 27.38 ± 0.08 12.80
–
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LFC 3427 588848900450485184 182.19056514 0.25979702 24.15 ± 4.28 22.69 ± 0.67 20.51 ± 0.16 20.05 ± 0.14 19.70 ± 0.47 1.25 ± 0.14 3.81 25.72 ± 0.05 23.09
LFC 3430 588848900450484421 182.18802200 0.26222895 20.05 ± 0.23 19.10 ± 0.05 18.31 ± 0.04 17.90 ± 0.03 17.53 ± 0.06 1.22 ± 0.05 11.15 27.05 ± 0.13 8.12
LFC 3458 588848900450484677 182.11331575 0.26184473 22.61 ± 0.83 22.15 ± 0.24 20.45 ± 0.08 19.96 ± 0.08 19.34 ± 0.20 0.87 ± 0.06 4.86 27.29 ± 0.10 9.98
LFC 3508 588848900450484456 182.11440196 0.26979325 22.33 ± 0.95 20.71 ± 0.09 19.20 ± 0.04 18.56 ± 0.04 18.29 ± 0.11 1.27 ± 0.06 8.74 26.75 ± 0.05 19.87
LFC 3562 588848900450484849 182.16773989 0.27028060 24.95 ± 2.49 22.83 ± 0.52 21.22 ± 0.18 20.56 ± 0.15 20.36 ± 0.56 0.70 ± 0.08 3.81 27.18 ± 0.10 10.64
LFC 3577 588848900450484730 182.13132095 0.27362923 21.71 ± 0.44 21.02 ± 0.10 19.82 ± 0.05 19.23 ± 0.05 18.76 ± 0.14 1.24 ± 0.04 6.52 27.66 ± 0.13 8.19
LFC 3632 588848900450484789 182.15159941 0.27678605 21.65 ± 0.37 22.64 ± 0.43 21.51 ± 0.21 20.49 ± 0.13 19.57 ± 0.26 0.82 ± 0.09 3.63 26.98 ± 0.12 8.88
LFC 3646 588848900450419263 182.02950009 0.28010104 25.32 ± 1.70 22.65 ± 0.34 20.81 ± 0.11 20.09 ± 0.10 19.60 ± 0.22 0.87 ± 0.08 3.81 25.80 ± 0.03 30.75
LFC 3760 588848900450484755 182.13792468 0.29146862 22.82 ± 1.56 21.28 ± 0.15 20.37 ± 0.09 19.68 ± 0.08 19.42 ± 0.30 1.39 ± 0.08 3.81 25.94 ± 0.04 29.63
LFC 3808 588848900450484737 182.13282007 0.29385752 21.87 ± 0.41 21.85 ± 0.17 20.66 ± 0.09 20.10 ± 0.08 19.49 ± 0.22 0.90 ± 0.05 4.63 27.63 ± 0.14 7.01
LFC 3878 588848900450484782 182.14952690 0.30063931 22.75 ± 1.14 21.68 ± 0.22 20.78 ± 0.12 20.36 ± 0.12 20.03 ± 0.41 0.99 ± 0.09 3.81 26.41 ± 0.10 10.57
LFC 3894 588848900450484724 182.12908347 0.30186681 22.38 ± 0.87 22.23 ± 0.30 20.51 ± 0.12 19.85 ± 0.10 19.28 ± 0.36 1.02 ± 0.10 3.81 26.25 ± 0.06 19.10
LFC 3912 588848900450485136 182.15368791 0.30241122 22.93 ± 1.52 24.90 ± 2.45 21.47 ± 0.25 20.38 ± 0.15 20.39 ± 0.70 0.95 ± 0.13 5.36 28.58 ± 0.27 3.51
LFC 3921 588848900450485183 182.18961582 0.30476227 21.93 ± 0.90 21.81 ± 0.34 20.92 ± 0.15 19.61 ± 0.11 19.52 ± 0.45 1.90 ± 0.31 4.63 26.06 ± 0.06 16.76
LFC 3927 588848900450418982 182.04376387 0.30459205 21.14 ± 0.28 20.34 ± 0.06 19.73 ± 0.05 19.61 ± 0.07 19.15 ± 0.21 1.06 ± 0.06 6.52 27.59 ± 0.12 8.80
LFC 3942 588848900450418913 182.06453615 0.30770545 26.56 ± 1.14 20.19 ± 0.09 19.56 ± 0.11 18.98 ± 0.09 18.38 ± 0.17 0.82 ± 0.07 7.92 28.04 ± 0.17 5.72
LFC 4009 588848900450484426 182.19366322 0.31301261 21.08 ± 0.24 19.97 ± 0.10 19.30 ± 0.12 18.83 ± 0.08 18.55 ± 0.25 0.97 ± 0.07 6.21 26.78 ± 0.21 4.68
LFC 4029 588848900450419357 182.06098194 0.31304151 23.92 ± 3.38 21.88 ± 0.29 20.52 ± 0.13 20.14 ± 0.14 19.47 ± 0.35 1.19 ± 0.14 5.36 27.21 ± 0.10 10.17
LFC 4059 588848900450484842 182.16621820 0.31743934 22.92 ± 1.86 20.77 ± 0.12 19.60 ± 0.07 19.17 ± 0.06 19.12 ± 0.28 1.52 ± 0.08 10.11 28.73 ± 0.29 3.31
LFC 4095 588848900450484850 182.16791279 0.32083467 24.49 ± 2.95 23.56 ± 0.86 21.29 ± 0.17 20.25 ± 0.10 19.53 ± 0.26 0.87 ± 0.07 4.20 26.97 ± 0.09 11.49
LFC 4188 588848900450484422 182.18935357 0.34142948 20.72 ± 0.21 19.48 ± 0.03 18.63 ± 0.02 18.30 ± 0.03 18.07 ± 0.09 1.10 ± 0.03 5.91 26.15 ± 0.07 16.01
LFC 4211 588848900450484464 182.14056980 0.33301123 24.20 ± 2.47 21.42 ± 0.13 19.73 ± 0.04 19.14 ± 0.04 18.66 ± 0.12 0.91 ± 0.04 5.63 27.11 ± 0.08 12.93
LFC 4248 588848900450484483 182.19749652 0.33861048 20.60 ± 0.30 19.58 ± 0.05 19.16 ± 0.05 18.95 ± 0.07 18.61 ± 0.23 1.56 ± 0.11 8.32 27.28 ± 0.25 3.82
LFC 4394 588848900450484756 182.13823066 0.36032260 22.99 ± 1.16 21.10 ± 0.09 20.57 ± 0.09 20.24 ± 0.10 19.91 ± 0.36 1.01 ± 0.08 3.81 26.79 ± 0.07 15.78
LFC 4400 588848900450419368 182.06512731 0.36449251 22.30 ± 1.01 22.11 ± 0.48 21.44 ± 0.24 20.40 ± 0.15 19.46 ± 0.36 1.25 ± 0.15 7.19 28.87 ± 0.20 5.03
LFC 4464 588848900450418988 182.06590839 0.35543977 21.96 ± 0.48 21.24 ± 0.10 20.40 ± 0.08 20.07 ± 0.09 19.28 ± 0.51 0.92 ± 0.07 5.63 26.95 ± 0.14 7.17
LFC 4488 588848900450484874 182.17876467 0.34574809 23.64 ± 2.27 22.28 ± 0.34 20.71 ± 0.13 19.85 ± 0.09 19.52 ± 0.29 1.09 ± 0.09 3.81 25.92 ± 0.04 26.16
LFC 4536 588848900450484565 182.18581747 0.33997004 21.40 ± 0.55 20.62 ± 0.11 20.27 ± 0.08 19.96 ± 0.15 19.76 ± 0.57 1.21 ± 0.20 3.81 25.96 ± 0.06 17.94
LFC 4654 588848900450484719 182.12587307 0.37281904 21.33 ± 0.40 21.32 ± 0.18 20.49 ± 0.12 20.50 ± 0.19 19.30 ± 0.29 1.05 ± 0.15 3.81 26.78 ± 0.12 8.38
LFC 4657 588848900450484500 182.08760528 0.34676179 23.68 ± 3.18 21.39 ± 0.20 19.76 ± 0.07 19.02 ± 0.06 18.73 ± 0.21 1.48 ± 0.11 7.92 27.80 ± 0.13 7.62
LFC 4681 588848900450484367 182.13718733 0.34356748 20.39 ± 0.16 19.49 ± 0.03 18.82 ± 0.03 18.51 ± 0.03 18.20 ± 0.10 1.24 ± 0.03 7.92 27.79 ± 0.13 7.58
LFC 4740 588848900450484476 182.18400953 0.34429933 21.98 ± 0.48 21.19 ± 0.11 19.85 ± 0.05 19.28 ± 0.05 18.90 ± 0.13 0.93 ± 0.05 6.52 26.80 ± 0.08 12.95
LFC 4763 588848900450484459 182.12762687 0.37994898 21.56 ± 0.25 21.03 ± 0.06 20.17 ± 0.05 19.66 ± 0.04 19.25 ± 0.14 0.69 ± 0.02 4.37 26.16 ± 0.09 11.10
–
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Table 9—Continued
Our ID SDSS ID RA Dec u g r i z R50 sma µi SNR
mag mag mag mag mag arcsec arcsec mag arcsec−2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Note. — Column (1) gives ID of the sample galaxies in SExtractor catalog generated
by us. Quantities from column (2) to column (10) are obtained from the PhotoObjAll
table of the SDSS DR7 photometric catalog (Abazajian et al. 2009). Column (2) gives
a unique SDSS identifier which is listed as objID in the PhotoObjAll table Columns (3)
and (4) give J2000 right ascension and declination in degree. Columns (5) to (9) give
extinction corrected Petrosian magnitudes in u, g, r,i and z bands. Column (10) gives
Petrosian half-light radius in a arcsec. Columns (11) to (13) give length of semi-major
axis (in arcsec), i-band surface brightness (in mag/arcsec−2) and signal to noise ratio
respectively of the outermost isophote in which ellipse can be fitted (see Section 4).
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Table 10. Derived parametrs for sample galaxies
ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 462 0.89 · · · · · · · · · · · ·
3.52e-03 ± 2.25e-03 -1.25e-03 ± 2.16e-03 0.057 ± 0.0058 60.37 ± 3.02
7.01e-03 ± 4.73e-03 6.91e-03 ± 3.09e-03 0.048 ± 0.0063 1.87 ± 3.67
· · · · · · · · · · · ·
LFC 525 0.97 · · · · · · · · · · · ·
5.52e-03 ± 1.89e-03 -1.09e-03 ± 1.53e-03 0.070 ± 0.0047 8.47 ± 2.02
-6.61e-03 ± 5.70e-03 1.21e-02 ± 5.41e-03 0.023 ± 0.0117 8.22 ± 11.97
· · · · · · · · · · · ·
LFC 554 0.65 -4.29e-03 ± 1.96e-03 1.00e-02 ± 1.82e-03 0.094 ± 0.0040 31.47 ± 1.26
-8.35e-03 ± 3.77e-03 3.49e-03 ± 3.75e-03 0.115 ± 0.0071 11.55 ± 1.92
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 558 0.68 6.77e-03 ± 1.47e-03 1.88e-03 ± 1.42e-03 0.038 ± 0.0035 1.71 ± 2.62
4.92e-03 ± 1.60e-03 1.12e-04 ± 1.56e-03 0.081 ± 0.0036 5.48 ± 1.19
-1.10e-02 ± 1.19e-02 -4.33e-03 ± 1.28e-02 0.164 ± 0.0248 119.00 ± 4.33
· · · · · · · · · · · ·
LFC 622 0.59 -4.88e-04 ± 1.06e-03 1.51e-02 ± 4.42e-04 0.358 ± 0.0018 1.64 ± 0.18
-1.18e-03 ± 8.45e-04 1.29e-02 ± 4.69e-04 0.421 ± 0.0013 0.78 ± 0.12
4.78e-02 ± 4.35e-03 -1.47e-02 ± 3.35e-03 0.310 ± 0.0075 0.89 ± 0.87
3.79e-02 ± 1.57e-02 -2.56e-02 ± 1.45e-02 0.259 ± 0.0257 17.35 ± 3.29
LFC 633 0.66 5.30e-03 ± 7.48e-04 -2.57e-03 ± 6.74e-04 0.213 ± 0.0016 0.83 ± 0.24
1.59e-02 ± 1.24e-03 -3.83e-03 ± 1.11e-03 0.219 ± 0.0027 6.21 ± 0.40
1.64e-02 ± 4.29e-03 -6.56e-04 ± 4.22e-03 0.269 ± 0.0074 26.91 ± 0.91
-2.51e-01 ± 7.91e-02 -2.39e-02 ± 2.74e-02 0.102 ± 0.0591 0.00 ± 16.88
LFC 663 0.74 -6.50e-03 ± 1.38e-03 -6.86e-03 ± 1.21e-03 0.284 ± 0.0028 0.22 ± 0.33
-9.27e-03 ± 1.63e-03 -1.92e-03 ± 1.56e-03 0.282 ± 0.0031 1.68 ± 0.38
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 677 0.92 5.66e-03 ± 3.87e-03 -7.97e-03 ± 3.12e-03 0.474 ± 0.0060 0.68 ± 0.51
6.06e-03 ± 2.19e-03 6.94e-04 ± 1.89e-03 0.443 ± 0.0036 2.67 ± 0.31
1.20e-03 ± 9.19e-03 -3.97e-02 ± 9.54e-03 0.460 ± 0.0146 1.74 ± 1.24
· · · · · · · · · · · ·
LFC 725 0.74 1.98e-02 ± 4.50e-03 4.01e-03 ± 3.26e-03 0.084 ± 0.0102 19.88 ± 3.43
1.76e-02 ± 3.79e-03 1.26e-02 ± 3.55e-03 0.095 ± 0.0083 18.92 ± 2.21
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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Table 10—Continued
ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 741 0.55 -7.78e-03 ± 3.24e-03 4.65e-03 ± 3.10e-03 0.218 ± 0.0073 0.94 ± 1.10
-5.23e-03 ± 2.10e-03 -2.21e-03 ± 1.97e-03 0.213 ± 0.0042 13.57 ± 0.64
-5.80e-02 ± 2.05e-02 -2.09e-02 ± 1.57e-02 0.307 ± 0.0310 13.76 ± 3.25
· · · · · · · · · · · ·
LFC 824 0.83 -1.15e-03 ± 2.14e-03 -4.45e-03 ± 1.69e-03 0.059 ± 0.0045 0.67 ± 2.27
-6.73e-03 ± 1.89e-03 2.00e-03 ± 1.43e-03 0.053 ± 0.0040 23.31 ± 2.03
-1.03e-02 ± 8.73e-03 -9.41e-03 ± 7.96e-03 0.148 ± 0.0062 0.00 ± 1.30
· · · · · · · · · · · ·
LFC 848 0.65 7.87e-03 ± 1.78e-03 2.35e-03 ± 1.73e-03 0.042 ± 0.0038 8.66 ± 2.63
2.55e-03 ± 3.05e-03 3.14e-03 ± 2.82e-03 0.054 ± 0.0064 23.19 ± 3.21
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 925 0.47 2.51e-03 ± 1.37e-03 3.86e-03 ± 1.31e-03 0.183 ± 0.0029 0.89 ± 0.51
3.34e-03 ± 1.48e-03 -3.67e-03 ± 1.43e-03 0.166 ± 0.0032 0.38 ± 0.61
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 954 0.59 -1.10e-02 ± 1.53e-03 5.62e-03 ± 1.14e-03 0.152 ± 0.0034 0.92 ± 0.83
-1.02e-04 ± 5.82e-04 1.73e-04 ± 5.41e-04 0.129 ± 0.0041 0.00 ± 3.35
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 985 0.71 -9.05e-03 ± 1.46e-03 4.85e-03 ± 1.31e-03 0.092 ± 0.0036 18.64 ± 1.14
-2.43e-02 ± 2.81e-03 1.56e-02 ± 2.57e-03 0.147 ± 0.0057 12.39 ± 1.20
1.56e-02 ± 1.48e-02 1.58e-02 ± 1.53e-02 0.156 ± 0.0284 22.63 ± 5.13
· · · · · · · · · · · ·
LFC 988 0.40 -8.92e-04 ± 1.96e-03 1.06e-03 ± 1.91e-03 0.088 ± 0.0040 9.96 ± 1.39
1.56e-02 ± 3.23e-03 3.03e-03 ± 3.06e-03 0.074 ± 0.0067 26.19 ± 2.50
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1013 0.53 8.08e-03 ± 1.27e-03 5.05e-04 ± 1.05e-03 0.522 ± 0.0020 0.63 ± 0.16
1.19e-02 ± 1.81e-03 5.15e-03 ± 1.53e-03 0.515 ± 0.0023 0.16 ± 0.19
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1039 0.67 3.23e-04 ± 2.10e-03 6.03e-03 ± 1.97e-03 0.420 ± 0.0035 1.42 ± 0.32
-4.47e-03 ± 1.85e-03 1.05e-02 ± 1.72e-03 0.409 ± 0.0032 0.56 ± 0.29
-4.50e-03 ± 1.44e-02 -2.66e-02 ± 1.42e-02 0.329 ± 0.0227 1.08 ± 2.61
· · · · · · · · · · · ·
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Table 10—Continued
ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 1042 0.61 -4.99e-03 ± 2.21e-03 9.33e-03 ± 1.64e-03 0.244 ± 0.0045 0.64 ± 0.61
-1.63e-02 ± 1.87e-03 4.54e-03 ± 1.67e-03 0.248 ± 0.0040 12.68 ± 0.54
-1.41e-02 ± 1.23e-02 -3.13e-02 ± 1.04e-02 0.193 ± 0.0211 27.04 ± 3.03
· · · · · · · · · · · ·
LFC 1044 0.78 -4.15e-03 ± 5.67e-04 2.31e-03 ± 5.44e-04 0.389 ± 0.0011 0.28 ± 0.11
-5.92e-03 ± 8.77e-04 -6.89e-04 ± 8.53e-04 0.365 ± 0.0016 0.80 ± 0.16
4.11e-02 ± 8.83e-03 -7.08e-02 ± 9.41e-03 0.267 ± 0.0138 10.98 ± 1.77
-6.87e-03 ± 1.93e-02 -1.56e-02 ± 1.96e-02 0.194 ± 0.0354 4.73 ± 5.91
LFC 1056 0.83 3.53e-03 ± 8.96e-04 3.99e-03 ± 7.94e-04 0.387 ± 0.0017 1.04 ± 0.16
2.21e-03 ± 8.22e-04 7.50e-03 ± 6.95e-04 0.383 ± 0.0014 0.76 ± 0.13
-2.18e-02 ± 4.81e-03 3.87e-02 ± 4.72e-03 0.347 ± 0.0078 5.04 ± 0.79
-8.47e-03 ± 9.42e-03 1.09e-02 ± 9.73e-03 0.377 ± 0.0147 2.68 ± 1.41
LFC 1091 0.65 · · · · · · · · · · · ·
-1.57e-02 ± 2.23e-03 2.82e-03 ± 1.91e-03 0.151 ± 0.0048 23.31 ± 1.01
4.82e-02 ± 7.96e-03 2.12e-02 ± 6.42e-03 0.162 ± 0.0158 39.45 ± 3.04
3.16e-02 ± 2.08e-02 5.66e-02 ± 2.07e-02 0.166 ± 0.0348 3.53 ± 6.58
LFC 1124 0.60 1.45e-02 ± 1.43e-03 -4.58e-03 ± 1.33e-03 0.196 ± 0.0040 2.09 ± 0.66
1.95e-03 ± 2.58e-03 4.26e-03 ± 2.47e-03 0.162 ± 0.0053 2.83 ± 1.02
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1204 0.62 -7.90e-03 ± 1.49e-03 2.78e-04 ± 1.44e-03 0.319 ± 0.0029 1.52 ± 0.32
-1.31e-02 ± 2.12e-03 1.26e-03 ± 2.02e-03 0.319 ± 0.0040 6.17 ± 0.43
6.04e-04 ± 1.60e-02 1.79e-02 ± 1.69e-02 0.149 ± 0.0309 92.06 ± 6.51
· · · · · · · · · · · ·
LFC 1239 0.71 -1.38e-03 ± 1.77e-03 8.07e-03 ± 1.32e-03 0.207 ± 0.0034 0.62 ± 0.53
2.86e-04 ± 1.03e-03 1.02e-02 ± 8.02e-04 0.196 ± 0.0020 9.01 ± 0.34
3.05e-02 ± 5.35e-03 -2.01e-03 ± 4.76e-03 0.213 ± 0.0097 7.93 ± 1.43
2.91e-02 ± 1.43e-02 -3.22e-02 ± 1.32e-02 0.256 ± 0.0233 7.56 ± 3.18
LFC 1263 0.46 -1.68e-03 ± 3.48e-03 -1.21e-02 ± 3.40e-03 0.110 ± 0.0078 60.72 ± 2.38
· · · · · · · · · · · ·
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1273 0.48 -8.47e-03 ± 2.83e-03 -1.04e-02 ± 2.63e-03 0.124 ± 0.0057 5.37 ± 1.39
4.56e-03 ± 4.35e-03 -1.69e-02 ± 4.21e-03 0.137 ± 0.0083 2.80 ± 1.85
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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Table 10—Continued
ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 1308 0.90 -5.60e-03 ± 2.34e-03 -1.20e-02 ± 2.16e-03 0.127 ± 0.0048 2.76 ± 1.18
-9.58e-03 ± 2.45e-03 -1.72e-02 ± 2.21e-03 0.120 ± 0.0051 15.51 ± 1.35
1.16e-01 ± 1.29e-01 4.77e-02 ± 8.49e-02 0.098 ± 0.1470 0.00 ± 45.16
· · · · · · · · · · · ·
LFC 1369 0.69 -4.75e-03 ± 1.83e-03 4.57e-04 ± 1.75e-03 0.191 ± 0.0038 7.31 ± 0.64
-1.39e-02 ± 3.08e-03 4.81e-03 ± 2.63e-03 0.199 ± 0.0061 5.73 ± 1.00
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1385 0.69 -1.76e-03 ± 1.59e-03 3.06e-03 ± 1.49e-03 0.041 ± 0.0033 19.91 ± 2.40
2.03e-03 ± 2.01e-03 -8.56e-04 ± 1.91e-03 0.051 ± 0.0039 38.83 ± 1.91
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1411 0.71 -1.17e-02 ± 2.64e-03 6.91e-03 ± 2.22e-03 0.308 ± 0.0051 0.87 ± 0.57
-1.07e-02 ± 3.19e-03 -7.02e-03 ± 2.83e-03 0.269 ± 0.0059 45.80 ± 0.75
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1437 0.95 1.87e-03 ± 2.50e-03 2.37e-03 ± 2.44e-03 0.296 ± 0.0045 1.10 ± 0.53
1.57e-04 ± 2.20e-03 1.59e-02 ± 1.95e-03 0.292 ± 0.0039 1.43 ± 0.46
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1456 0.83 -6.91e-03 ± 1.69e-03 5.56e-03 ± 1.50e-03 0.208 ± 0.0036 3.23 ± 0.56
1.06e-03 ± 1.92e-03 -7.96e-04 ± 1.69e-03 0.201 ± 0.0041 5.96 ± 0.66
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1459 0.78 1.74e-02 ± 2.78e-03 1.13e-02 ± 2.50e-03 0.078 ± 0.0066 3.23 ± 2.55
7.29e-03 ± 1.77e-03 1.70e-03 ± 1.63e-03 0.079 ± 0.0038 56.75 ± 1.47
1.17e-02 ± 1.29e-02 -2.51e-02 ± 1.26e-02 0.134 ± 0.0245 15.75 ± 5.22
· · · · · · · · · · · ·
LFC 1477 0.66 -5.69e-03 ± 1.41e-03 1.43e-03 ± 1.38e-03 0.102 ± 0.0030 6.13 ± 0.89
-9.68e-03 ± 2.13e-03 1.73e-03 ± 2.03e-03 0.138 ± 0.0049 73.88 ± 1.07
3.02e-02 ± 1.87e-02 1.99e-02 ± 1.82e-02 0.096 ± 0.0375 19.89 ± 11.31
· · · · · · · · · · · ·
LFC 1494 0.88 -3.00e-03 ± 7.61e-04 2.66e-03 ± 7.04e-04 0.099 ± 0.0016 0.26 ± 0.50
4.54e-03 ± 1.19e-03 -1.21e-03 ± 1.16e-03 0.126 ± 0.0023 9.31 ± 0.56
3.10e-03 ± 4.96e-03 -1.89e-02 ± 5.02e-03 0.187 ± 0.0091 32.22 ± 1.56
-9.84e-02 ± 5.20e-02 -2.21e-02 ± 3.58e-02 0.139 ± 0.0687 0.00 ± 15.20
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ID B/T
〈
a3
a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 1504 0.63 -7.38e-03 ± 2.23e-03 2.73e-03 ± 2.03e-03 0.097 ± 0.0046 1.52 ± 1.39
1.05e-03 ± 3.57e-03 4.79e-03 ± 3.43e-03 0.152 ± 0.0069 40.98 ± 1.45
5.02e-03 ± 1.28e-02 4.83e-02 ± 1.39e-02 0.343 ± 0.0239 0.94 ± 2.04
· · · · · · · · · · · ·
LFC 1511 0.50 -8.59e-03 ± 1.68e-03 7.32e-03 ± 1.49e-03 0.167 ± 0.0035 5.04 ± 0.67
-6.04e-03 ± 2.34e-03 -4.44e-03 ± 2.26e-03 0.187 ± 0.0045 4.94 ± 0.76
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1551 0.91 -5.49e-03 ± 1.43e-03 -5.26e-03 ± 1.31e-03 0.061 ± 0.0033 1.54 ± 1.61
7.59e-03 ± 2.77e-03 1.15e-02 ± 2.60e-03 0.068 ± 0.0054 38.81 ± 2.13
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1585 0.67 -7.80e-03 ± 3.30e-03 7.22e-03 ± 2.81e-03 0.108 ± 0.0073 0.00 ± 2.11
-6.85e-03 ± 1.55e-03 7.01e-03 ± 1.32e-03 0.106 ± 0.0033 1.34 ± 0.96
-1.67e-02 ± 7.70e-03 -1.72e-02 ± 7.23e-03 0.131 ± 0.0146 61.31 ± 3.58
2.16e-02 ± 2.29e-02 -2.72e-02 ± 2.27e-02 0.197 ± 0.0406 29.55 ± 6.40
LFC 1613 0.71 -2.10e-02 ± 2.67e-03 -3.34e-04 ± 2.47e-03 0.144 ± 0.0059 23.21 ± 1.32
-3.74e-02 ± 6.94e-03 2.60e-02 ± 5.64e-03 0.112 ± 0.0128 5.01 ± 3.45
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 1628 0.65 -1.49e-02 ± 2.68e-03 -5.31e-04 ± 2.21e-03 0.132 ± 0.0061 0.01 ± 1.45
2.58e-03 ± 2.25e-03 4.51e-03 ± 2.15e-03 0.107 ± 0.0045 5.99 ± 1.30
-8.63e-03 ± 1.26e-02 -2.63e-03 ± 1.18e-02 0.115 ± 0.0223 22.58 ± 5.52
-2.69e-02 ± 6.40e-02 -5.37e-02 ± 6.93e-02 0.131 ± 0.1177 0.00 ± 27.61
LFC 1706 0.84 -5.04e-03 ± 2.34e-03 -4.92e-03 ± 2.18e-03 0.071 ± 0.0058 0.14 ± 2.51
-1.52e-02 ± 2.07e-03 -2.64e-03 ± 1.96e-03 0.056 ± 0.0045 1.81 ± 2.35
2.01e-02 ± 7.47e-03 4.94e-03 ± 6.35e-03 0.146 ± 0.0137 19.54 ± 2.38
1.27e-02 ± 2.33e-02 2.30e-02 ± 2.59e-02 0.264 ± 0.0407 0.00 ± 4.54
LFC 1739 0.65 -1.06e-02 ± 2.97e-03 -6.39e-04 ± 2.62e-03 0.041 ± 0.0063 16.89 ± 4.00
-8.15e-03 ± 3.93e-03 -8.50e-03 ± 3.92e-03 0.142 ± 0.0079 10.15 ± 1.43
-1.57e-02 ± 1.34e-02 -4.46e-02 ± 1.43e-02 0.331 ± 0.0248 2.96 ± 2.80
· · · · · · · · · · · ·
LFC 1744 0.86 5.52e-03 ± 1.02e-03 5.05e-03 ± 7.75e-04 0.301 ± 0.0023 0.22 ± 0.26
3.81e-03 ± 8.59e-04 3.00e-03 ± 8.02e-04 0.287 ± 0.0019 1.14 ± 0.23
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 1772 0.57 5.83e-04 ± 9.35e-04 5.43e-04 ± 8.97e-04 0.205 ± 0.0019 0.82 ± 0.29
1.74e-04 ± 1.24e-03 6.89e-04 ± 1.19e-03 0.206 ± 0.0024 0.73 ± 0.37
-9.21e-03 ± 1.05e-02 2.95e-02 ± 1.08e-02 0.216 ± 0.0187 21.70 ± 2.87
· · · · · · · · · · · ·
LFC 1798 0.49 -8.95e-03 ± 1.55e-03 3.49e-03 ± 1.43e-03 0.151 ± 0.0036 0.99 ± 0.75
-3.35e-03 ± 1.38e-03 5.89e-03 ± 1.29e-03 0.138 ± 0.0029 1.10 ± 0.66
-8.38e-03 ± 9.41e-03 -5.75e-03 ± 9.16e-03 0.103 ± 0.0182 17.80 ± 5.41
· · · · · · · · · · · ·
LFC 1802 0.88 -6.10e-03 ± 1.16e-03 1.12e-03 ± 9.98e-04 0.132 ± 0.0029 1.05 ± 0.69
8.35e-03 ± 1.85e-03 -1.95e-03 ± 1.78e-03 0.137 ± 0.0044 16.99 ± 0.99
-6.41e-02 ± 2.00e-02 1.12e-02 ± 1.38e-02 0.147 ± 0.0299 25.61 ± 5.68
· · · · · · · · · · · ·
LFC 1830 0.52 -3.34e-03 ± 1.10e-03 1.45e-03 ± 1.08e-03 0.152 ± 0.0024 1.01 ± 0.49
-1.73e-03 ± 1.09e-03 4.14e-03 ± 1.03e-03 0.134 ± 0.0022 16.08 ± 0.53
-1.72e-02 ± 1.10e-02 -2.76e-02 ± 1.04e-02 0.052 ± 0.0201 27.99 ± 9.29
-4.44e-02 ± 3.77e-02 -1.00e-01 ± 4.78e-02 0.020 ± 0.0706 0.00 ± 100.30
LFC 1833 0.46 -1.11e-03 ± 2.27e-03 -1.56e-03 ± 2.13e-03 0.085 ± 0.0048 6.50 ± 1.73
4.06e-03 ± 3.05e-03 2.56e-03 ± 2.95e-03 0.048 ± 0.0064 61.70 ± 3.57
4.73e-03 ± 1.97e-02 5.88e-03 ± 1.68e-02 0.125 ± 0.0338 5.59 ± 8.07
· · · · · · · · · · · ·
LFC 1971 0.77 -2.49e-03 ± 3.12e-03 1.54e-03 ± 2.82e-03 0.088 ± 0.0073 4.86 ± 2.51
-2.53e-02 ± 2.81e-03 1.52e-02 ± 2.55e-03 0.130 ± 0.0064 11.75 ± 1.35
4.12e-02 ± 1.11e-02 5.66e-03 ± 9.55e-03 0.149 ± 0.0186 1.84 ± 3.90
· · · · · · · · · · · ·
LFC 2007 0.79 1.58e-03 ± 1.30e-03 3.28e-03 ± 1.23e-03 0.116 ± 0.0026 4.08 ± 0.69
1.87e-02 ± 2.59e-03 -1.54e-02 ± 2.43e-03 0.157 ± 0.0054 3.36 ± 1.00
1.63e-03 ± 9.97e-03 -2.98e-02 ± 1.01e-02 0.295 ± 0.0160 3.59 ± 2.04
· · · · · · · · · · · ·
LFC 2047 0.67 -5.40e-03 ± 2.31e-03 2.51e-03 ± 2.27e-03 0.176 ± 0.0045 2.23 ± 0.81
-1.60e-03 ± 3.16e-03 2.49e-03 ± 3.11e-03 0.197 ± 0.0060 49.67 ± 0.98
2.80e-02 ± 1.73e-02 -3.66e-02 ± 1.63e-02 0.214 ± 0.0348 35.92 ± 4.53
· · · · · · · · · · · ·
LFC 2106 0.94 2.73e-02 ± 2.46e-03 9.86e-03 ± 2.02e-03 0.389 ± 0.0046 1.73 ± 0.43
7.31e-03 ± 3.03e-03 1.08e-02 ± 2.90e-03 0.393 ± 0.0048 4.05 ± 0.46
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 2137 0.85 5.57e-02 ± 5.20e-03 2.11e-02 ± 2.78e-03 0.130 ± 0.0134 1.52 ± 3.15
6.02e-02 ± 3.61e-03 2.11e-02 ± 2.01e-03 0.190 ± 0.0072 16.65 ± 1.21
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2159 0.65 2.05e-03 ± 1.51e-03 -1.78e-03 ± 1.29e-03 0.092 ± 0.0031 9.20 ± 1.02
3.83e-03 ± 1.67e-03 1.50e-03 ± 1.61e-03 0.143 ± 0.0031 6.13 ± 0.61
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2168 0.67 7.89e-03 ± 1.09e-03 -2.46e-03 ± 1.02e-03 0.183 ± 0.0028 0.46 ± 0.50
1.02e-02 ± 1.51e-03 -2.65e-03 ± 1.45e-03 0.145 ± 0.0034 25.89 ± 0.76
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2177 0.60 5.98e-03 ± 1.41e-03 -1.17e-03 ± 1.29e-03 0.084 ± 0.0030 1.95 ± 1.07
-2.10e-03 ± 2.10e-03 5.89e-03 ± 1.97e-03 0.073 ± 0.0043 16.79 ± 1.80
-4.67e-03 ± 1.67e-02 8.08e-03 ± 1.62e-02 0.083 ± 0.0315 0.42 ± 11.06
· · · · · · · · · · · ·
LFC 2180 0.55 · · · · · · · · · · · ·
1.52e-02 ± 3.04e-03 3.47e-03 ± 2.05e-03 0.128 ± 0.0037 36.23 ± 0.88
-4.77e-03 ± 1.56e-02 2.49e-02 ± 1.51e-02 0.190 ± 0.0287 30.93 ± 4.76
· · · · · · · · · · · ·
LFC 2181 0.60 -1.63e-03 ± 1.11e-03 -1.76e-03 ± 1.06e-03 0.058 ± 0.0023 1.93 ± 1.21
3.11e-03 ± 1.10e-03 -3.54e-03 ± 1.05e-03 0.046 ± 0.0023 35.07 ± 1.50
-1.20e-02 ± 1.31e-02 -3.89e-02 ± 1.43e-02 0.036 ± 0.0294 2.69 ± 22.67
· · · · · · · · · · · ·
LFC 2184 0.54 1.24e-02 ± 4.70e-04 2.80e-03 ± 3.47e-04 0.161 ± 0.0014 4.26 ± 0.29
6.59e-03 ± 1.12e-03 2.34e-03 ± 1.01e-03 0.113 ± 0.0023 3.42 ± 0.61
-1.49e-02 ± 1.94e-03 1.15e-03 ± 1.70e-03 0.205 ± 0.0038 4.79 ± 0.50
-1.66e-02 ± 5.87e-03 -2.84e-04 ± 5.20e-03 0.305 ± 0.0119 0.00 ± 0.91
LFC 2310 0.61 3.67e-03 ± 1.21e-03 8.02e-03 ± 9.49e-04 0.307 ± 0.0022 0.64 ± 0.26
5.30e-03 ± 1.37e-03 7.34e-03 ± 1.26e-03 0.315 ± 0.0025 0.77 ± 0.27
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2356 0.73 -1.70e-02 ± 2.87e-03 1.89e-02 ± 2.62e-03 0.397 ± 0.0047 5.72 ± 0.43
-4.19e-03 ± 4.79e-03 -6.09e-04 ± 4.02e-03 0.430 ± 0.0048 1.20 ± 0.42
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 2362 0.65 1.30e-03 ± 2.76e-03 3.51e-03 ± 2.65e-03 0.104 ± 0.0055 7.36 ± 1.57
-3.98e-03 ± 3.17e-03 -1.14e-02 ± 3.03e-03 0.141 ± 0.0061 14.61 ± 1.33
-2.34e-02 ± 9.39e-03 3.40e-02 ± 8.84e-03 0.189 ± 0.0160 1.34 ± 2.33
-5.85e-02 ± 2.52e-02 5.92e-02 ± 2.40e-02 0.377 ± 0.0378 0.00 ± 3.13
LFC 2405 0.51 -2.20e-02 ± 4.63e-03 -2.76e-03 ± 4.04e-03 0.117 ± 0.0095 37.59 ± 2.50
-3.56e-02 ± 3.38e-02 1.48e-02 ± 3.15e-02 0.170 ± 0.0649 0.00 ± 10.86
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2414 0.64 2.63e-03 ± 5.81e-04 5.43e-03 ± 4.76e-04 0.056 ± 0.0012 12.52 ± 0.63
4.18e-03 ± 1.22e-03 -1.24e-03 ± 1.19e-03 0.070 ± 0.0025 9.31 ± 1.05
1.78e-03 ± 4.34e-03 1.50e-02 ± 4.34e-03 0.114 ± 0.0108 7.53 ± 2.41
· · · · · · · · · · · ·
LFC 2422 0.96 1.39e-02 ± 8.44e-04 1.78e-03 ± 7.42e-04 0.107 ± 0.0022 5.13 ± 0.60
1.04e-02 ± 1.23e-03 1.92e-03 ± 1.15e-03 0.142 ± 0.0026 13.06 ± 0.57
-3.48e-02 ± 1.06e-02 1.22e-02 ± 9.93e-03 0.221 ± 0.0180 3.15 ± 2.61
· · · · · · · · · · · ·
LFC 2428 0.68 -4.07e-03 ± 2.71e-03 -3.75e-03 ± 2.64e-03 0.058 ± 0.0060 0.05 ± 3.09
-7.75e-04 ± 1.86e-03 1.47e-03 ± 1.80e-03 0.069 ± 0.0039 19.57 ± 1.54
-9.31e-03 ± 8.30e-03 -4.02e-03 ± 8.02e-03 0.215 ± 0.0183 11.05 ± 2.33
· · · · · · · · · · · ·
LFC 2472 0.89 1.97e-03 ± 1.88e-03 -1.91e-03 ± 1.82e-03 0.223 ± 0.0037 0.69 ± 0.53
-2.67e-02 ± 5.15e-03 1.74e-02 ± 4.65e-03 0.260 ± 0.0093 15.52 ± 1.11
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2484 0.94 4.25e-03 ± 2.68e-03 -1.34e-03 ± 2.53e-03 0.013 ± 0.0068 47.87 ± 14.27
-1.10e-02 ± 3.78e-03 -1.36e-03 ± 3.53e-03 0.029 ± 0.0078 6.98 ± 5.43
-4.92e-02 ± 3.67e-02 3.83e-02 ± 3.46e-02 0.109 ± 0.0657 0.00 ± 18.27
· · · · · · · · · · · ·
LFC 2503 0.88 · · · · · · · · · · · ·
-1.49e-02 ± 1.99e-03 -1.50e-03 ± 1.92e-03 0.129 ± 0.0043 2.85 ± 1.02
1.46e-02 ± 7.49e-03 4.16e-03 ± 7.85e-03 0.088 ± 0.0155 0.02 ± 4.86
· · · · · · · · · · · ·
LFC 2525 0.88 -1.66e-02 ± 1.23e-03 6.48e-03 ± 1.01e-03 0.347 ± 0.0027 0.46 ± 0.28
-1.90e-02 ± 3.45e-03 1.47e-02 ± 3.19e-03 0.279 ± 0.0062 2.55 ± 0.78
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 2539 0.62 -5.41e-03 ± 7.18e-03 -1.42e-02 ± 6.28e-03 0.106 ± 0.0147 0.00 ± 4.32
-4.39e-03 ± 2.44e-03 9.42e-04 ± 2.28e-03 0.098 ± 0.0050 10.37 ± 1.55
7.38e-02 ± 1.51e-02 -2.73e-02 ± 1.13e-02 0.151 ± 0.0238 41.12 ± 4.51
9.06e-02 ± 4.79e-02 -1.57e-02 ± 2.44e-02 0.264 ± 0.0509 9.70 ± 5.54
LFC 2549 0.51 8.29e-05 ± 4.58e-04 3.88e-03 ± 3.52e-04 0.109 ± 0.0011 0.01 ± 0.30
-4.03e-03 ± 4.80e-04 5.78e-04 ± 4.55e-04 0.158 ± 0.0010 1.78 ± 0.19
6.66e-04 ± 2.13e-03 2.10e-02 ± 1.95e-03 0.265 ± 0.0038 7.37 ± 0.47
-1.81e-02 ± 8.26e-03 1.27e-02 ± 7.78e-03 0.177 ± 0.0143 13.43 ± 2.58
LFC 2568 0.62 -1.99e-03 ± 2.71e-03 -1.52e-03 ± 2.62e-03 0.032 ± 0.0058 14.71 ± 5.22
2.68e-02 ± 4.57e-03 -4.00e-03 ± 3.63e-03 0.103 ± 0.0093 32.28 ± 1.83
9.02e-02 ± 2.30e-02 -4.00e-03 ± 1.38e-02 0.399 ± 0.0239 5.12 ± 2.18
· · · · · · · · · · · ·
LFC 2670 0.62 9.64e-03 ± 2.33e-03 5.95e-03 ± 2.22e-03 0.141 ± 0.0063 3.24 ± 1.41
-6.90e-03 ± 3.42e-03 4.56e-03 ± 2.55e-03 0.068 ± 0.0080 41.26 ± 3.72
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2692 0.57 1.57e-03 ± 3.15e-03 6.35e-03 ± 2.95e-03 0.183 ± 0.0064 13.41 ± 1.12
2.95e-02 ± 5.26e-02 -6.54e-03 ± 4.76e-02 0.250 ± 0.0836 0.00 ± 15.23
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2708 0.68 -1.14e-02 ± 2.15e-03 -3.11e-03 ± 2.06e-03 0.027 ± 0.0081 2.91 ± 8.66
-8.51e-03 ± 1.92e-03 2.44e-03 ± 1.82e-03 0.040 ± 0.0049 4.34 ± 2.99
-4.14e-02 ± 1.13e-02 5.05e-03 ± 6.96e-03 0.180 ± 0.0121 2.50 ± 2.14
· · · · · · · · · · · ·
LFC 2709 0.71 -1.06e-02 ± 2.79e-03 1.43e-02 ± 2.34e-03 0.192 ± 0.0056 3.21 ± 0.94
-1.38e-02 ± 4.14e-03 -1.73e-02 ± 4.05e-03 0.239 ± 0.0074 4.97 ± 0.97
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 2712 0.55 -4.37e-05 ± 8.38e-04 9.33e-03 ± 6.08e-04 0.343 ± 0.0016 2.79 ± 0.17
-1.39e-02 ± 1.41e-03 1.31e-02 ± 1.15e-03 0.355 ± 0.0027 1.11 ± 0.29
3.53e-03 ± 4.21e-03 1.49e-02 ± 3.99e-03 0.279 ± 0.0091 11.27 ± 1.04
· · · · · · · · · · · ·
LFC 2719 0.67 3.84e-03 ± 2.28e-03 -4.21e-03 ± 2.05e-03 0.046 ± 0.0049 30.63 ± 3.15
7.28e-03 ± 3.44e-03 -4.65e-03 ± 3.52e-03 0.193 ± 0.0078 29.83 ± 1.35
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 2742 0.83 1.67e-03 ± 6.35e-04 3.32e-03 ± 4.22e-04 0.101 ± 0.0013 5.68 ± 0.37
-2.26e-03 ± 6.20e-04 8.44e-03 ± 4.16e-04 0.159 ± 0.0013 4.47 ± 0.22
-3.60e-03 ± 1.11e-03 -2.46e-03 ± 1.09e-03 0.258 ± 0.0023 3.11 ± 0.26
-2.88e-03 ± 2.82e-03 -4.38e-03 ± 2.76e-03 0.352 ± 0.0054 0.26 ± 0.53
LFC 2782 0.64 1.04e-03 ± 7.70e-04 1.06e-02 ± 5.19e-04 0.445 ± 0.0013 0.55 ± 0.11
2.23e-03 ± 6.04e-04 9.36e-03 ± 4.77e-04 0.512 ± 0.0010 1.18 ± 0.08
3.35e-03 ± 1.17e-03 4.46e-03 ± 1.13e-03 0.504 ± 0.0017 0.32 ± 0.14
5.56e-03 ± 5.64e-03 1.08e-02 ± 5.86e-03 0.486 ± 0.0086 1.94 ± 0.66
LFC 2888 0.77 · · · · · · · · · · · ·
-5.39e-03 ± 1.26e-03 -8.62e-03 ± 1.11e-03 0.068 ± 0.0031 5.39 ± 1.38
2.22e-02 ± 5.12e-03 -8.92e-03 ± 4.93e-03 0.107 ± 0.0101 16.88 ± 2.81
5.86e-04 ± 8.92e-03 1.47e-02 ± 1.46e-02 0.147 ± 0.0169 0.00 ± 3.57
LFC 2955 0.48 · · · · · · · · · · · ·
3.76e-03 ± 1.16e-03 -4.20e-03 ± 1.06e-03 0.213 ± 0.0025 0.98 ± 0.38
2.72e-03 ± 4.54e-03 3.73e-03 ± 4.39e-03 0.179 ± 0.0087 7.41 ± 1.52
1.32e-02 ± 1.20e-02 2.78e-03 ± 6.18e-03 0.199 ± 0.0116 0.00 ± 1.87
LFC 2956 0.98 -6.19e-03 ± 5.98e-03 -6.54e-03 ± 5.27e-03 0.181 ± 0.0116 0.00 ± 2.03
-7.68e-03 ± 2.12e-03 -1.36e-02 ± 1.92e-03 0.168 ± 0.0041 9.16 ± 0.79
-1.54e-03 ± 5.12e-03 -2.60e-02 ± 7.53e-03 0.157 ± 0.0096 0.60 ± 1.87
· · · · · · · · · · · ·
LFC 2988 0.82 3.66e-03 ± 3.02e-03 -1.00e-02 ± 2.64e-03 0.081 ± 0.0080 0.78 ± 2.99
-5.16e-03 ± 1.97e-03 -7.03e-03 ± 1.44e-03 0.073 ± 0.0054 21.36 ± 2.24
-4.94e-03 ± 8.08e-03 7.18e-03 ± 7.96e-03 0.084 ± 0.0154 159.80 ± 5.44
2.50e-02 ± 1.12e-02 2.10e-02 ± 1.09e-02 0.230 ± 0.0208 149.30 ± 2.88
LFC 3026 0.72 · · · · · · · · · · · ·
2.64e-03 ± 1.28e-03 -5.32e-03 ± 1.03e-03 0.127 ± 0.0027 44.32 ± 0.69
-2.08e-02 ± 3.83e-03 1.58e-02 ± 3.50e-03 0.143 ± 0.0079 1.26 ± 1.64
-1.69e-02 ± 7.99e-03 7.60e-03 ± 7.77e-03 0.218 ± 0.0141 38.36 ± 2.09
LFC 3072 0.77 · · · · · · · · · · · ·
1.20e-03 ± 2.29e-03 -5.28e-03 ± 2.24e-03 0.069 ± 0.0047 7.32 ± 2.12
-1.62e-02 ± 8.89e-03 1.70e-03 ± 9.03e-03 0.132 ± 0.0165 5.11 ± 3.22
-7.83e-02 ± 2.78e-02 3.80e-02 ± 2.17e-02 0.242 ± 0.0383 12.70 ± 5.15
LFC 3087 0.68 · · · · · · · · · · · ·
4.43e-03 ± 1.13e-03 -1.23e-02 ± 7.13e-04 0.095 ± 0.0024 0.68 ± 0.77
1.60e-02 ± 3.37e-03 -5.19e-03 ± 3.15e-03 0.075 ± 0.0070 27.24 ± 2.71
-1.64e-03 ± 6.69e-03 -7.12e-03 ± 6.83e-03 0.058 ± 0.0132 17.35 ± 6.13
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LFC 3094 0.67 2.38e-03 ± 1.04e-03 1.86e-03 ± 1.01e-03 0.088 ± 0.0024 0.16 ± 0.81
5.99e-03 ± 7.34e-04 -5.83e-04 ± 6.93e-04 0.082 ± 0.0016 4.38 ± 0.61
-1.23e-02 ± 3.50e-03 9.65e-03 ± 3.31e-03 0.101 ± 0.0074 10.53 ± 2.32
1.56e-03 ± 1.30e-02 3.49e-04 ± 1.30e-02 0.125 ± 0.0257 14.59 ± 5.50
LFC 3218 0.59 · · · · · · · · · · · ·
1.66e-03 ± 1.45e-03 7.00e-03 ± 1.31e-03 0.120 ± 0.0031 4.06 ± 0.82
-1.65e-02 ± 4.11e-03 -1.64e-03 ± 3.85e-03 0.085 ± 0.0086 3.89 ± 3.09
-4.45e-03 ± 7.09e-03 1.81e-02 ± 7.23e-03 0.210 ± 0.0134 27.80 ± 2.08
LFC 3274 0.75 -2.15e-02 ± 3.81e-03 -1.81e-02 ± 3.25e-03 0.218 ± 0.0079 1.10 ± 1.19
-1.92e-03 ± 7.80e-04 -2.09e-04 ± 5.05e-04 0.185 ± 0.0013 78.36 ± 0.34
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 3292 0.59 1.18e-02 ± 2.08e-03 5.03e-03 ± 1.95e-03 0.169 ± 0.0049 1.11 ± 0.92
9.95e-04 ± 1.37e-03 3.75e-03 ± 1.30e-03 0.203 ± 0.0027 4.92 ± 0.40
-3.29e-02 ± 4.87e-03 -2.69e-02 ± 4.48e-03 0.312 ± 0.0088 0.43 ± 0.84
-6.19e-03 ± 8.97e-03 -1.71e-02 ± 8.89e-03 0.334 ± 0.0180 1.24 ± 1.59
LFC 3329 0.54 · · · · · · · · · · · ·
-5.89e-03 ± 1.49e-03 1.34e-02 ± 1.12e-03 0.208 ± 0.0030 4.30 ± 0.46
-4.96e-03 ± 4.06e-03 3.33e-02 ± 3.83e-03 0.320 ± 0.0069 0.95 ± 0.75
1.15e-02 ± 6.84e-03 4.12e-02 ± 6.92e-03 0.368 ± 0.0105 4.72 ± 1.01
LFC 3359 0.51 · · · · · · · · · · · ·
4.39e-04 ± 1.50e-03 -7.17e-03 ± 1.27e-03 0.110 ± 0.0033 8.39 ± 0.92
-2.26e-03 ± 5.87e-03 5.83e-03 ± 5.78e-03 0.157 ± 0.0110 13.07 ± 2.15
-4.00e-02 ± 5.30e-02 -2.89e-02 ± 4.79e-02 0.175 ± 0.0787 0.00 ± 14.11
LFC 3381 0.66 · · · · · · · · · · · ·
1.21e-02 ± 1.48e-03 1.07e-03 ± 1.36e-03 0.093 ± 0.0037 10.84 ± 1.20
9.62e-03 ± 5.81e-03 -1.25e-03 ± 5.44e-03 0.072 ± 0.0118 26.44 ± 4.57
3.24e-02 ± 1.74e-02 1.27e-02 ± 1.62e-02 0.149 ± 0.0295 98.18 ± 6.13
LFC 3395 0.63 · · · · · · · · · · · ·
-1.16e-03 ± 8.63e-04 3.41e-03 ± 7.85e-04 0.147 ± 0.0018 1.75 ± 0.38
5.18e-03 ± 2.45e-03 6.13e-03 ± 2.37e-03 0.151 ± 0.0047 2.10 ± 0.97
2.52e-02 ± 6.33e-03 1.54e-02 ± 5.93e-03 0.152 ± 0.0123 27.61 ± 2.35
LFC 3423 0.67 · · · · · · · · · · · ·
-3.85e-03 ± 1.15e-03 6.24e-03 ± 1.27e-03 0.170 ± 0.0018 5.29 ± 0.34
4.31e-02 ± 1.05e-02 1.81e-02 ± 8.62e-03 0.277 ± 0.0174 11.56 ± 2.13
6.00e-02 ± 6.08e-02 8.30e-03 ± 4.81e-02 0.363 ± 0.0794 0.00 ± 7.85
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〈
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a
〉 〈
a4
a
〉 〈ǫ〉 δPA
(1) (2) (3) (4) (5) (6)
LFC 3427 0.47 -3.12e-02 ± 8.43e-03 -3.91e-02 ± 7.01e-03 0.320 ± 0.0179 3.07 ± 1.98
-4.24e-02 ± 3.94e-03 -2.85e-02 ± 2.86e-03 0.251 ± 0.0077 19.69 ± 1.05
-2.99e-03 ± 6.46e-03 7.05e-03 ± 8.17e-03 0.232 ± 0.0108 0.00 ± 1.54
· · · · · · · · · · · ·
LFC 3430 0.51 2.02e-03 ± 3.08e-03 2.30e-02 ± 1.60e-03 0.286 ± 0.0055 0.25 ± 0.66
-2.96e-03 ± 1.92e-03 3.23e-02 ± 1.13e-03 0.365 ± 0.0032 1.50 ± 0.31
-1.35e-03 ± 3.40e-03 5.31e-02 ± 3.19e-03 0.515 ± 0.0048 0.28 ± 0.38
8.02e-03 ± 3.26e-03 5.02e-02 ± 3.15e-03 0.528 ± 0.0045 5.08 ± 0.35
LFC 3458 0.63 · · · · · · · · · · · ·
-5.68e-03 ± 9.79e-04 1.64e-04 ± 9.02e-04 0.063 ± 0.0023 10.08 ± 1.10
-2.03e-02 ± 4.08e-03 4.92e-03 ± 3.85e-03 0.026 ± 0.0086 23.91 ± 9.08
-5.25e-02 ± 1.81e-02 4.74e-02 ± 1.62e-02 0.072 ± 0.0310 1.97 ± 12.31
LFC 3508 0.78 -9.73e-04 ± 9.53e-04 3.77e-03 ± 7.77e-04 0.121 ± 0.0020 0.99 ± 0.50
1.05e-03 ± 9.55e-04 7.10e-03 ± 6.59e-04 0.126 ± 0.0019 84.05 ± 0.46
8.77e-02 ± 6.95e-03 5.97e-02 ± 5.08e-03 0.152 ± 0.0119 2.91 ± 2.50
3.69e-02 ± 7.11e-03 3.18e-02 ± 6.52e-03 0.108 ± 0.0138 1.68 ± 3.67
LFC 3562 0.51 · · · · · · · · · · · ·
-1.91e-03 ± 1.50e-03 8.12e-04 ± 1.34e-03 0.039 ± 0.0034 1.47 ± 2.38
1.35e-03 ± 4.10e-03 3.62e-03 ± 3.58e-03 0.060 ± 0.0084 9.35 ± 4.11
-2.72e-02 ± 1.00e-02 1.28e-02 ± 1.01e-02 0.049 ± 0.0186 7.71 ± 8.79
LFC 3577 0.76 -5.12e-02 ± 5.09e-03 1.88e-03 ± 1.46e-03 0.072 ± 0.0160 0.11 ± 6.71
6.43e-03 ± 1.96e-03 4.56e-03 ± 1.08e-03 0.033 ± 0.0063 27.54 ± 4.21
7.87e-03 ± 6.81e-03 -1.57e-03 ± 6.63e-03 0.088 ± 0.0140 40.58 ± 4.60
-3.44e-02 ± 1.58e-02 -1.11e-03 ± 1.29e-02 0.140 ± 0.0252 5.96 ± 5.38
LFC 3632 0.59 · · · · · · · · · · · ·
-1.09e-02 ± 1.67e-03 -4.28e-03 ± 1.56e-03 0.126 ± 0.0039 3.50 ± 0.95
-3.63e-04 ± 6.96e-04 -1.31e-05 ± 6.46e-04 0.038 ± 0.0018 55.74 ± 1.94
· · · · · · · · · · · ·
LFC 3646 0.50 · · · · · · · · · · · ·
-9.53e-03 ± 1.59e-03 -4.94e-03 ± 1.36e-03 0.096 ± 0.0040 18.55 ± 1.23
9.27e-03 ± 4.05e-03 1.85e-02 ± 3.84e-03 0.218 ± 0.0052 4.40 ± 0.72
· · · · · · · · · · · ·
LFC 3760 0.91 1.29e-02 ± 2.22e-03 -2.50e-03 ± 1.70e-03 0.084 ± 0.0084 9.95 ± 2.98
-1.98e-02 ± 2.61e-03 -1.74e-02 ± 1.97e-03 0.055 ± 0.0061 34.67 ± 3.48
· · · · · · · · · · · ·
· · · · · · · · · · · ·
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LFC 3808 0.49 · · · · · · · · · · · ·
7.50e-03 ± 1.28e-03 -1.81e-03 ± 9.83e-04 0.117 ± 0.0028 2.44 ± 0.76
-1.37e-02 ± 6.64e-03 -2.59e-03 ± 6.42e-03 0.109 ± 0.0134 4.91 ± 3.41
4.45e-02 ± 2.90e-02 9.69e-03 ± 2.46e-02 0.235 ± 0.0479 2.10 ± 6.21
LFC 3878 0.65 · · · · · · · · · · · ·
8.43e-03 ± 1.79e-03 9.09e-05 ± 1.71e-03 0.187 ± 0.0037 6.38 ± 0.64
-8.32e-03 ± 1.29e-02 3.26e-02 ± 9.77e-03 0.234 ± 0.0134 19.88 ± 1.84
· · · · · · · · · · · ·
LFC 3894 0.82 · · · · · · · · · · · ·
6.27e-03 ± 1.38e-03 -5.61e-05 ± 1.32e-03 0.159 ± 0.0028 0.40 ± 0.56
-3.03e-03 ± 5.14e-03 4.70e-03 ± 4.55e-03 0.112 ± 0.0078 3.64 ± 2.03
· · · · · · · · · · · ·
LFC 3912 0.79 · · · · · · · · · · · ·
2.87e-02 ± 2.02e-03 -1.08e-02 ± 1.44e-03 0.135 ± 0.0054 0.62 ± 1.22
2.50e-02 ± 6.88e-03 1.76e-03 ± 6.28e-03 0.105 ± 0.0142 3.03 ± 4.26
-8.06e-03 ± 1.76e-02 8.94e-03 ± 1.76e-02 0.123 ± 0.0328 19.31 ± 8.48
LFC 3921 0.86 3.22e-03 ± 2.73e-03 -4.54e-03 ± 2.58e-03 0.063 ± 0.0060 38.79 ± 2.83
8.81e-03 ± 7.77e-03 -1.08e-03 ± 7.43e-03 0.124 ± 0.0152 125.20 ± 3.16
· · · · · · · · · · · ·
· · · · · · · · · · · ·
LFC 3927 0.50 · · · · · · · · · · · ·
1.19e-02 ± 7.45e-04 1.03e-03 ± 7.04e-04 0.219 ± 0.0019 7.48 ± 0.29
1.83e-02 ± 4.14e-03 -1.23e-02 ± 4.01e-03 0.171 ± 0.0080 15.68 ± 1.48
-1.97e-02 ± 1.12e-02 3.42e-02 ± 1.13e-02 0.185 ± 0.0199 3.60 ± 3.09
LFC 3942 0.71 · · · · · · · · · · · ·
-1.67e-02 ± 9.42e-04 -8.94e-03 ± 5.97e-04 0.267 ± 0.0025 7.09 ± 0.32
2.89e-02 ± 1.46e-03 -8.96e-03 ± 8.20e-04 0.229 ± 0.0046 2.73 ± 0.68
4.35e-02 ± 3.32e-03 -6.64e-03 ± 2.56e-03 0.113 ± 0.0084 49.38 ± 2.34
LFC 4009 0.61 · · · · · · · · · · · ·
-2.32e-02 ± 1.08e-03 5.01e-03 ± 8.89e-04 0.196 ± 0.0035 0.67 ± 0.57
2.59e-03 ± 3.40e-03 -3.41e-03 ± 3.31e-03 0.183 ± 0.0069 11.85 ± 1.22
-2.60e-02 ± 1.29e-02 -2.73e-03 ± 1.22e-02 0.167 ± 0.0228 6.60 ± 4.04
LFC 4029 0.89 -3.97e-03 ± 4.39e-03 1.40e-02 ± 3.77e-03 0.318 ± 0.0085 0.11 ± 0.94
-2.54e-03 ± 1.40e-03 7.26e-03 ± 1.20e-03 0.350 ± 0.0025 2.79 ± 0.25
3.23e-03 ± 4.57e-03 -9.97e-03 ± 4.47e-03 0.337 ± 0.0077 18.98 ± 0.81
· · · · · · · · · · · ·
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LFC 4059 0.68 7.78e-03 ± 1.07e-03 2.58e-05 ± 1.03e-03 0.248 ± 0.0026 3.52 ± 0.35
8.21e-03 ± 1.37e-03 -5.22e-03 ± 1.28e-03 0.254 ± 0.0033 7.74 ± 0.44
-5.13e-02 ± 7.30e-03 -1.43e-02 ± 6.23e-03 0.214 ± 0.0124 35.81 ± 2.17
2.22e-02 ± 1.25e-02 -1.82e-02 ± 1.20e-02 0.180 ± 0.0206 45.55 ± 3.64
LFC 4095 0.63 · · · · · · · · · · · ·
1.10e-02 ± 1.62e-03 2.08e-03 ± 1.51e-03 0.176 ± 0.0033 5.12 ± 0.59
1.14e-02 ± 4.21e-03 1.63e-02 ± 4.03e-03 0.206 ± 0.0081 7.65 ± 1.27
1.55e-02 ± 1.64e-02 1.30e-02 ± 1.57e-02 0.177 ± 0.0316 14.40 ± 6.61
LFC 4188 0.66 · · · · · · · · · · · ·
-7.68e-03 ± 1.04e-03 1.23e-02 ± 7.89e-04 0.265 ± 0.0021 1.72 ± 0.26
-5.01e-04 ± 2.75e-03 1.12e-02 ± 2.51e-03 0.207 ± 0.0050 4.55 ± 0.81
1.34e-02 ± 1.09e-02 5.50e-03 ± 1.05e-02 0.095 ± 0.0210 10.10 ± 6.65
LFC 4211 0.63 · · · · · · · · · · · ·
-1.12e-02 ± 1.15e-03 1.36e-02 ± 7.54e-04 0.225 ± 0.0024 1.38 ± 0.34
-1.41e-02 ± 1.64e-03 5.30e-03 ± 1.52e-03 0.247 ± 0.0033 1.23 ± 0.45
-1.46e-02 ± 5.45e-03 -1.07e-02 ± 5.26e-03 0.237 ± 0.0097 0.48 ± 1.34
LFC 4248 0.49 9.88e-04 ± 1.37e-03 9.61e-03 ± 1.11e-03 0.530 ± 0.0021 1.76 ± 0.17
-5.65e-03 ± 1.35e-03 1.85e-02 ± 1.07e-03 0.575 ± 0.0019 0.53 ± 0.14
1.26e-02 ± 2.19e-03 1.11e-02 ± 2.00e-03 0.589 ± 0.0030 0.66 ± 0.23
-8.03e-03 ± 2.04e-02 -2.81e-03 ± 2.16e-02 0.499 ± 0.0290 7.42 ± 2.41
LFC 4394 0.84 · · · · · · · · · · · ·
-1.56e-02 ± 1.96e-03 4.11e-03 ± 1.84e-03 0.197 ± 0.0044 10.71 ± 0.72
2.76e-03 ± 5.02e-03 1.77e-02 ± 6.45e-03 0.178 ± 0.0092 8.90 ± 1.58
· · · · · · · · · · · ·
LFC 4400 0.50 -1.40e-02 ± 5.37e-03 -9.76e-03 ± 5.11e-03 0.422 ± 0.0090 0.09 ± 0.81
-3.47e-03 ± 2.24e-03 -1.15e-02 ± 2.09e-03 0.435 ± 0.0036 4.24 ± 0.31
1.81e-02 ± 6.89e-03 -1.20e-02 ± 6.61e-03 0.431 ± 0.0109 10.32 ± 0.95
-3.09e-02 ± 1.44e-02 -1.21e-02 ± 1.32e-02 0.379 ± 0.0210 5.64 ± 1.97
LFC 4464 0.50 · · · · · · · · · · · ·
1.09e-02 ± 1.33e-03 3.42e-03 ± 1.24e-03 0.119 ± 0.0030 15.46 ± 0.79
-5.17e-03 ± 4.79e-03 3.00e-03 ± 4.51e-03 0.049 ± 0.0095 62.29 ± 4.46
4.89e-02 ± 7.99e-03 2.50e-02 ± 6.95e-03 0.269 ± 0.0130 4.47 ± 1.61
LFC 4488 0.55 · · · · · · · · · · · ·
-5.27e-03 ± 2.14e-03 1.77e-03 ± 2.03e-03 0.094 ± 0.0045 51.48 ± 1.48
3.12e-03 ± 4.95e-03 2.07e-03 ± 4.09e-03 0.096 ± 0.0069 0.73 ± 2.16
· · · · · · · · · · · ·
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LFC 4536 0.67 2.43e-03 ± 5.15e-03 -2.07e-02 ± 4.04e-03 0.015 ± 0.0116 0.37 ± 21.64
-5.58e-03 ± 3.07e-03 -1.55e-02 ± 2.28e-03 0.058 ± 0.0065 28.22 ± 2.26
4.47e-02 ± 1.55e-02 4.91e-02 ± 1.31e-02 0.237 ± 0.0146 0.68 ± 2.00
· · · · · · · · · · · ·
LFC 4654 0.92 · · · · · · · · · · · ·
1.90e-04 ± 2.47e-03 -1.68e-02 ± 1.89e-03 0.035 ± 0.0054 28.63 ± 2.79
3.84e-02 ± 9.79e-03 6.30e-02 ± 9.47e-03 0.228 ± 0.0123 5.13 ± 1.74
· · · · · · · · · · · ·
LFC 4657 0.89 -8.52e-04 ± 1.40e-03 -1.29e-03 ± 1.16e-03 0.024 ± 0.0032 10.61 ± 3.35
5.21e-03 ± 1.67e-03 -6.97e-03 ± 1.55e-03 0.056 ± 0.0035 11.38 ± 1.83
-1.70e-02 ± 6.71e-03 2.62e-02 ± 6.02e-03 0.152 ± 0.0122 4.19 ± 2.45
2.95e-03 ± 2.49e-02 1.03e-01 ± 3.71e-02 0.063 ± 0.0453 16.61 ± 18.67
LFC 4681 0.92 -9.28e-03 ± 1.46e-03 1.57e-03 ± 1.21e-03 0.064 ± 0.0036 2.27 ± 1.69
-1.12e-02 ± 7.62e-04 -2.53e-03 ± 6.93e-04 0.073 ± 0.0019 16.68 ± 0.76
-1.14e-02 ± 2.15e-03 3.43e-03 ± 2.09e-03 0.109 ± 0.0045 5.52 ± 1.24
-3.45e-02 ± 9.88e-03 -7.64e-03 ± 8.92e-03 0.123 ± 0.0175 3.75 ± 4.34
LFC 4740 0.74 · · · · · · · · · · · ·
-1.90e-02 ± 8.92e-04 1.31e-03 ± 7.81e-04 0.113 ± 0.0028 12.13 ± 0.75
-9.20e-03 ± 2.62e-03 4.71e-03 ± 2.55e-03 0.114 ± 0.0053 4.29 ± 1.40
-1.34e-02 ± 6.86e-03 -2.53e-02 ± 6.76e-03 0.101 ± 0.0132 32.61 ± 3.87
LFC 4763 0.75 · · · · · · · · · · · ·
-1.49e-02 ± 1.43e-03 1.42e-03 ± 1.35e-03 0.059 ± 0.0037 15.07 ± 1.74
-2.67e-02 ± 4.29e-03 -1.90e-03 ± 3.51e-03 0.117 ± 0.0085 9.22 ± 2.04
-3.56e-02 ± 1.08e-02 1.02e-02 ± 9.23e-03 0.163 ± 0.0186 39.44 ± 3.66
Note. — Column (1) gives our SExtractor catalog ID. Column (2) gives bulge-to-total luminosity
ratio (see Section 5). Columns (3) to (6) give average isophotal parameters a3/a, a4/a, ellipticity
and isophotal twist (in degree) in four different regions for each galaxy in four rows. Average value
of isophotal parameter in Region 1, Region 2, Region 3 and Region 4 is listed in first, second, third
and fourth row respectively for each galaxy.
